Published Monthly. Price, $5.00 per Annum. 


THE JOURNAL 


OF THE 


AMERICAN CHEMICAL SOCIETY. 


VOL. XVII.—NO. 6. 


JUNE, 1895. 


EDWARD Hart, Editor, J. H. Lonc, Tuomas B. Osporne. 
COMMITTEE ON PAPERS AND PUBLICATIONS. 


CONTENTS. 


Gerhard Kriiss 
The Proteids of the Rye Kernel. By Thomas B. Osborne 
Zirconium Sulphite. By F. P. Venable and Charles Baskerville ...- 448 
On Some Conditions Affecting the Accuracy of the Determination 
of Potash as Potassium: Platinichloride. By A. L. Winton 
The Indirect Analysis of Mixtures Containing a Common Constit- 
vent. By Edward K. Landis .0 0c. fees tne eet Tee tween ceases 466 
Accuracy of the Dyeing Test. By Charles S. Boyer 468 
Absorbent Blocks. By Peter T. Austen and W. Homer Broadhurst 472 
The Volumetric Determination of Zinc and a New Indicator for Ferro- 
cyanide. By Geo. C. Stone 
Some Physical Aspects of the new Gas, Argon, the Ideal Thermo- 
metrical Substance for High Temperatures. By W. R. Quinan, 477 
The Tungstates and Molybdates of the Rare Earths. By Fanny 
R. M. Hitchcock 
Some New Laboratory Apparatus. By Ewald Sauer 
NEw Books: Handbuch der Stereochemie; A Text-Book of Organic 
Chemistry ; Manual of Chemistry 
NorEs: Note on a Molding-sand 


EASTON, PA.: 
CHEMICAL PUBLISHING COMPANY. 


Entered at the Post Office, Easton, Pa., as Second Class Matter. 


it 


uP 
f 


ahs # oe 


ae Oe 















> OFFICERS OF THE AMERICAN CHEMICAL SOCIETY. > 


President: Edgar F. Smith, Univ. of Penna., Philadelphia, Pa. 
Vice-Presidents : The Presiding Officers of the Local Sections, see below. 
General Secretary; Albert C. Hale, 551 Putnam ave., Brooklyn, N.Y. 
Treasurer: C, F. McKenna, 221 Pearl st., N. Y. City. 

Librarian: F. E. Dodge, Box 85, Long Island City, N. Y. 

Committee on Papers and Publications: Edward Hart, Editor; J. H. 
Long; Thomas B. Osbortie. 

Committee on Nominations to Membership: A. A. Breneman; P. T. 
Austen; C. A. Doremus. 

Finance Committee: Durand Woodman ; A. P. Hallock; A. H. Sabin. 

Board of Directors. Members ex-officio: Edgar F. Smith, Pres.; Albert 
C. Hale, Gen. Sec»; C. F. McKenna, Treas.; F. E. Dodge, Librarian ; 
Edward Hart, Editor. Term expires Dec. 1895: C. F. Chandler; P. 
T. Austen; C, A: Doremus; C. E. Munroe. Term eapires Dec. 1896: 
H. W. Wiley; Wm. McMurtrie; J. H. Appleton; A. A. Breneman. 

Council. Menibers ex-officio: Edgar F. Smith,.Pres.; Albert C. Hale, 
Gen. Sec.;, Edward Hart, Editor. Zerm eapires Dec. 1895: G.C. 
Caldwell; J. W. Mallet; T. H. Norton; A. B. Prescott. Zerm 
expires Dec, 1896: ©. B. Dudley; C. E. Munroe; Wm. McMurtrie; 
J. H. Appleton. ZJerm expires Dec, 1897:\G. F. Barker; F. W. 
Clarke; W. I. Dudley; E. R. Squibb. 

Local Sections. Rhode Island Section: C. A. Catlin, Pres. Officer; E. 
E. Calder, Sec., Board of Trade Building, Providence, R. I. Cinctn- 
nati Section: Karl Langenbeck, Pres. Officer; E. C. Wallace, Sec., 
Room 71, Blymeyer Building, Cincinnati, O. New York Section: 
P, T. Austen, Pres. Officer ; Morris Loeb, Sec., 37 E. 38thst., N. Y. City. 
Washington Section: Charles E. Munroe, Pres. Officer; A. C. Peale, 
Sec., 605 t2th St., N. W. Lehigh Valley Section: Edward Hart, Pres. 
Officer; A. H. Welles, Sec., Easton, Pa. Mew Orleans Section > Avy. 
Metz, Pres. Officer; Hubert Edson, Sec., Bartels, La. 





PAPERS ACCEPTED FOR PUBLICATION: 


The Electrolytic Determination of Ruthenium. By Edgar F. Smith. 

Electrolytic Separations. By Edgar F. Smith. 

The Composition of the Tuberculosis and Glanders Bacilli. By E. A. 
de Schweinitz and Marion Dorsett. 

On the Vapor Tensions of Mixtures of Volatile Liquids. By C. E.Line- 
berger. 

The Decarbonization of Bone-Black. By W. D. Horne. 

Sulphiodide of Lead. By Victor Lenher. 

Qn the Determination of Small Quantities of Phosphoric Acid by the Ci- 
trate Method. By E. G. Runyan and H. W. Wiley. 

The Determination of Nitrogen in Fertilizers Containing Nitrates. By 
H. C. Sherman. 

A Convenient Form of Universal Handclamp. By Peter T. Austen and 
W. A. Horton. 

A New Table for the Qualitative Separation of the Metals of the»Iron 
Group. By C. L. Hare. 

Interpretation of Some Results in the Analysis of, Extracts of Fustic. 

By C. S. Boyer. 

















Issued with June number, 1895. 


Proceedings. 


BOARD OF DIRECTORS. 


A Charter for a Nebraska Local Section was granted April 
15, 1895. 

The following act was passed by the Senate and Assembly of 
New York, and approved by the Governor April 18, 1895: 

CHAPTER 346. 
cln Act for the Relief of the American Chemical Society. 

The people of the state of New York, represented in the Senate and 
Assembly, do enact as follows: 

SECTION I. It shall be lawful for the American Chemical Society to 
elect its Directors without any restriction as to their residence or citizen- 
ship, except such as may be imposed by the by-laws of said Society now 
in force, or as such by-laws may be amended hereafter. 

SECTION 2. Said Society may hold its meetings at such timesand places 
in this state, or elsewhere, as it may select, and all acts done without this 
state shall have the same force and effect as if done within this state. 


SECTION 3. This act shall take effect immediately. 


COUNCIL. 

The Council has approved the election of Edward Hart as 
Editor for 1895. 

A majority of the Council have also approved the time and 
place suggested for the summer meeting; vz., Springfield, 
Mass., August 27 and 28, 1895. 

NEW MEMBERS ELECTED APRIL 8. 


Bachman, Irving A., Augusta, Ga. 

Blasdale, W. C., 2111 Channing Way, Berkeley, Cal. 
Emery, William O., Chicago Athenaeum, Chicago, II]. 
Harding, E. P., Univ. of Minnesota, Minneapolis, Minn. 
Hooland, H. B., Univ. of Minnesota, Minneapolis, Minn. 
Lenher, V., State University, Berkeley Cal. 

O’ Neill, Prof. Edmond, State University, Berkeley, Cal. 
Shepherd, R. S., Univ. of Minnesota, Minneapolis, Minn. 
Strathern, F. P., Univ. of Minnesota, Minneapolis, Minn. 
Tinsley, John D., Miller School, Crozet, Va. 
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ASSOCIATE ELECTED APRIL 8. 


Smith, Thorn, Agricultural College, Mich. 


ELECTED APRIL 9. 


Davidson, G. M., 317 Linden Ave., Oak Park, Cook Co., III. 

Ferry, Charles, 309 2nd St., Troy, N. Y. 

Hornbeak, S. L., 578 60th St., Chicago, Ill. 

Ikuta, Massuo, Univ. of Chicago, Chicago, Ill. 

Redding, Clifford R., Chem. Lab. U. P. Ry., Omaha, Neb. 

Riggs, Prof. R. B., Trinity College, Hartford, Conn. 

Seamon, F. H., Guanacevi, Est. de Durango, Mexico. 

Smoot, Albert M., 9 Cliff St., N. Y. City. 

Wells, Horace L., Sheffield Scientific School, New Haven, 
Conn. 


ELECTED APRIL 19. 


Hall, Clarence A., 3220 Powelton Ave., Philadelphia. 
Lasher, Frederick G., 76 Newell St., Brooklyn, N. Y. 
Roegner, Edward W., 200 Jefferson Ave., Passaic, N. J. 


CHANGES OF ADDRESS. 


Burleigh, Wm. F., care of West Bergen Steel Works, Jersey 
ity, IN J. 

Chase, Geo. W., 526 Quincy Ave., Scranton, Pa. 

DeChalmot, Dr. G., care of Willson Aluminum Co., Spray, 
Rockingham Co., N. C. 

Hand, Daniel, 62 East Park St., Newark, N. J. 

Hine, S. K., Poland, Ohio. 

Morgan, F. M., Longue Pointe, Hochilaga Co., Canada. 

Starr, H. F., 142 4th Ave., Newark, N. J. 

Waterman, C. N., Room 65, 620 Atlantic Ave., Boston, Mass. 


MEETINGS OF SECTIONS. 
NEW YORK SECTION. 
The regular meeting was held at the Chemical Lecture Room 
of the Columbia College School of Mines, on April 12, Prof. 


Peter T. Austen in the chair. Fifty members were present. 
Minutes of March meeting were omitted owing tothe absence of 
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the Secretary, Prof. Morris Loeb. Mr. W. S. Myers was 
appointed secretary pro tem. Messrs. Richards & Co. exhibited 
a number of interesting forms of novel and improved apparatus 
including microscopes, polariscopes, aluminum ware, chemical 
preparations, etc. Dr. Ernest E. Smith read a paper on the 
Theories of the Chemical Pathology of Uraemia, describing the 
history and development of the various theories and giving 
details of experiments showing the extent of the toxic effect of 
urea. He held that the products of the disease are factors of 
varying proportions in producing the observed symptoms and 
effects. Prof. Charles A. Doremus, and Dr. E. R. Squibb dis- 
cussed the paper. Prof. Charles F. Chandler gave a, very inter- 
esting talk on Chemical Manufacture in Europe, and discussed 
in detail the latest processes for manufacturing sodium, alum- 
inum, chlorine, caustic soda, coal-tar colors, and pharmaceutical 
preparations, which he had personally studied during a 
recent trip abroad. The speaker emphasized the general pros- 
perity of the chemical industry in Germany, and also drew atten- 
tion to some of the recent industrial developments in this coun- 
try, in particular that of carborundrum. 

Dr. W. D. Horne read a paper on the ‘‘ Decarbonization of 
Bone-Black,’’ establishing by a numberof experiments the claims 
for the immense saving which may be effected by decarbon- 
izing the char in the newly patented Weinrich Apparatus. A 
discussion followed, in which Dr. Chandler and F. O. Mattheisen 
took part. Prof. Chandler asked if the amount of nitrogen in 
the char before and after decarbonization in the apparatus had 
been tested, to which Dr. Horne replied that it had not been. 

Dr. Peter T. Austen explained the production of two new 
solid coloring matters from logwood, which he had recently 
patented, one of which was made by the action of ammonium 
carbonate upon logwood extract of high gravity, and which 
appeared to consist of ammonium compound cf haemateéine, and 
differed from the oxidized logwood extract made by him at an 
earlier date by the action of sodium nitrite upon logwood 
extract. The other product was produced by the action of borax 
of high gravity logwood extract. It was stated that borax 
seemed to have a peculiar action on the extract of logwood, 
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which was not produced, so far as the speaker knew, by any 
other substances. The borax derivative differed from the others 
in not being fully oxidized, and hence contained both haema- 
téine and haematoxylin, so that it resembled in composition the 
logwood extract. 

The chairman stated that he was happy to announce that the 
society would soon be able to have quarters of its own, as two 
available rooms were now under consideration, and that the 
informal dinners would be resumed with the next meeting. 

The society then adjourned. 


WASHINGTON SECTION. 
Thursday. April 1, 1895. 


President Charles E. Munroe in the chair. Fifty-three pres- 
ent. Dr. J. E. Blomen was elected to membership. 

Mr. H. C. Sherman read a paper on ‘‘ The Determination of 
Nitrogen in Fertilizers.’’ Mr. Sherman stated that in deter- 
mining nitric nitrogen in fertilizers containing notable quantities 
of chloride, the results were alwaystoo low. He obtained much 
better results by slightly modifying either the modified Kjeldahl 
or Gunning methods. In the modified Kjeldahl method Mr. 
Sherman recommends that the sulphuric and salicylic acid mix- 
ture be cooled before it is added to the substance under exami- 
nation, and that the substance be digested in this mixture in the 
cold for some time before the addition of the reducing agents. 

In the Gunning method Mr. Sherman obtains satisfactory 
results by boiling for thirty to forty minutes after the liquid has 
become entirely colorless. 

Professor C. E. Munroe exhibited specimens of calcium car- 
bide and discussed its value from theoretical and practical stand- 
points. He also generated acetylene by the decomposition of 
this substance with water, and showed the properties of the flame 
formed by its combustion. The paper was discussed by Messrs. 
Chatard, Clarke, and Dewey. Professor Clarke called attention 
to the theoretical interest of the substance. He said that cal- 
cium carbide was an interesting connecting link between organic 
and inorganic chemistry, the hydrogen of acetylene being 
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replaced by a divalent metal, and being introduced into the 
molecule again by the simple decomposition of water. He called 
attention to the fact that calcium carbide is merely an example 
of a series, and referred to the strontium and barium carbides of 
Moissan. 

Mr. E. G. Runyan and Professor Wiley read a paper on 
‘*Precipitation of Small Quantities of Phosphoric Acid by 
Ammoniacal Citrate of Magnesium.’’ 

The principle of the method developed in the paper is based 
upon the observation that with quantities of phosphoric acid 
below five per cent., the direct citrate method gives entirely too 
low results. An attempt was made to remedy this source of 
error by adding in such cases a known volume of phosphate solu- 
tion of ascertained strength in order to bring the total amount 
of phosphoric acid up to fifteen per cent. or more. Large num- 
bers of analytical data were shown, illustrating the fact that by 
this fortification, perfectly accurate results could be obtained by 
the citrate method, even in samples containing a fraction of one 
per cent. 

Professor Munroe then led in the discussion of the topic of 
the evening, ‘‘Can Argon be Accepted as a New Element,’’ and 
reviewed the work of Rayleigh and Ramsay, Crookes and 
Olzewski, on this subject. Prof. Clarke stated that he had 
received a letter from Prof. Ramsay a few days before, asking 
for a sample of the uraninite in which Dr. Hillebrand reported 
nitrogen. Reviewing the work of Dr. Hillebrand, he said that 
in dissolving uraninite in sulphuric acid, he noticed that a gas 
was liberated steadily and uniformly throughout the whole 
operation. Nitric acid and ammonia were both prepared from 
this gas, and its spectrum was considered to be that of nitrogen, 
although there were some lines in the spectrum which did not 
belong to that of nitrogen, and were supposed to be caused by 
the presence of some impurity. Prof. Ramsay, in working with 
Cleveite, from Norway, observed a gas whose spectrum showed 
the more prominent argon lines, and also lines which have been 
ascribed to the solar element helium. The residues from Dr. 
Hillebrand’s samples have been sent to Prof. Ramsay. Prof. 
Clarke said that this gas had not been found in uraninite con- 








(42) 


taining thorium, and suggested the possibility that the argon 
was combined with uranium in uraninite. Attempts would be 
made, he said, to combine argon with uranium. 

Dr. Chatard said that it was his recollection that Dr. Hille- 
brand’s nitrogen was very difficult to oxidize, and that the 
amount of oxidation products obtained was barely sufficient for 
their identification. 

Dr. Stokes said that at Dr. Hillebrand’s request, he had 
examined a sample of uraninite, and had not been able to detect 
nitrogen by the ferrocyanide reaction. 

The president said that the literature of nitrogen was being 
reviewed, and all statements that could have any bearing on 
argon or which would seem to refer to argon in any way, were 
being noted. 


CINCINNATI SECTION. 
Tuesday, April 16, 1895. 

Prof. T. H. Norton, gave a very interesting account of ‘‘ Re- 
cent Important Discoveries in Chemistry,’’ dwelling particularly 
upon the commercial importance of calcium carbide for the pro- 
duction of acetylene, with a practical demonstration of the value 
of acetylene as an illuminant. 

Papers on ‘‘ Stereoisomeric Compounds of Nitrogen,’’ by Dr. 
H. E. Newman, and ‘‘The Adulteration of Powdered Elm 
Bark,’’ by Henry B. Foote, were postponed to next meeting. 
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GERHARD KRUSS. 
Received April 4, 1895. 
HE death of Professor Kriiss at the early age of thirty-five, 
and in the midst of a career already remarkably brilliant 
and fruitful, will be keenly felt by all, and especially by those 
who have known him as teacher and friend. 

He was born at Hamburg on the 14th of December, 1859, his 
father being the well-known optician A. Kriiss. In 1879 he 
went to the University of Munich and entered upon the study of 
chemistry with Baeyer and Zimmermann as his teachers. ‘The 
summer semester of 1881 he spent at Heidelberg studying under 
Bunsen. 

His early acquaintance with physical instruments, and espe- 
cially with the spectroscope, led Krtiss to a series of investiga- 
tions, begun while he was yet a student, in the field of spectro- 
scopic chemical analysis. In his first paper, which appeared in 
1882, he described a method for ascertaining, by means of the 
spectroscope, whether two colored solutions, when mixed, act 
chemically upon each other or exist together unchanged. Pur- 
suing this question still further he obtained the interesting 
results which are recorded in the series of articles upon ‘‘ The 
relation between the composition of organic compounds and their 
absorption spectra,’’ wherein he proved by many measurements 
of the absorption bands of indigo and fluorescein and their deriv- 
atives that the introduction of methyl, oxymethyl, ethyl, or bro- 
mine in the place of an atom of hydrogen moved the absorption 
in the spectrum towards the red, while the introduction ofa nitro 
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or amido group had the opposite effect. Krtiss saw and clearly 
described the practical bearing of these discoveries, and as a 
result the spectroscope is now employed at Hochst, both for the 
examination of the purity of known dyes and as a guide to the 
production df new ones. 

Kriiss was also greatly interested in the application of the 
spectroscope to quantitative determinations, his researches upon 
this subject being largely recorded in the book which he and his 
brother, Hugo Kriiss, published in 1891— Kolorimetric und 
Quantitative Spektral-analyse. In 1892 appeared his book upon 
the use of physical methods in chemistry, entitled Spezzelle Meth- 
oden der Analyse. 

Kriiss’s first strictly chemical researches were taken up under 
‘the able guidance of Clemens Zimmermann, at whose suggestion 
he undertook the investigation of the sulphur compounds of mo- 
lybdenum, thus continuing the studies in the chromium group 
which Zimmermann had so brilliantly begun by his researches 
upon uranium. 

After the death of Zimmermann (March, 1885) Krtiss turned 
his attention to the study of the compounds of gold. In these 
investigations, which extended from 1886 to 1893, he corrected 
the older statements concerning the gold oxides, showing that 
only Au,O, Au,O, and Au,O, exist, redetermined the atomic 
weight of the element, measured the spark spectrum given by a 
neutral solution of gold chloride, and, partly in connection with 
his students, investigated the compounds of gold with the halo- 
gens and with sulphur. 

In 1886 he became Privatdocent at Munich, and in the follow- 
ing winter, 1886-7, he visited Nilson in Stockholm, beginning, 
under the guidance of that eminent investigator, his study of the 
rare earths. The remarkable industry with which they prosecu- 
ted their mutual researches is evidenced by the number and im- 
portance of the contributions appearing under their names in the 
Berichte for 1887. 

The wide reputation which Kriiss had thus so early won 
attracted to Munich many enthusiastic workers in the domain of 
inorganic chemistry, and the obtaining of a place in his private 
laboratory was a privilege that was eagerly sought. Upon those 
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who had the good fortune to work under his immediate direction 
the attraction exerted by his ability and wide and accurate learn- 
ing was quite equaled by the charming personality of the man. 
Quiet and unassuming in manner, and never prone to dogmatic 
direction of the work in hand, he yet gave to each piece of research 
a critical attention and kindly and suggestive criticism that was 
wonderfully helpful and inspiring. Although he could scarcely 
be called either a graceful or a fluent lecturer, he possessed to 
an unusual degree originality and clearness in exposition. In 
May, 1890, he was advanced to the professorship of analytical 
and special inorganic chemistry in the University of Munich, 
and this position he held at the time of his death. 

The latter part of Krtiss’s work lay chiefly in the obscure and 
difficult field of the rare earths, and while these researches are 
too numerous to admit of detailed mention here, a glance at the 
mere titles will suffice to show their variety and extent. Besides 
critically studying the characteristics of many of the different 
‘‘earths,’’ he greatly developed the methods of separation and 
examination of these allied elements. Among the many other 
admirable papers which appeared in the meantime there may be 
mentioned that with Moraht upon glucinum, with Ohnmais upon 
the sulpho-salts of vanadium, and with Thiele upon the condi- 
tion of iodine in solution and the probable cause of the differ- 
ences in color offits solutions. 

The services of Professor Kritiss to inorganic chemistry were 
still further increased by his founding in 1892 the Zedtschrift fur 
anorgantsche Chemie, a journal which he edited with great skill 
and success. It met with very favorable reception from the ° 
beginning, and in the short space of three years it has fully 
attained what Kriss stated in his introduction to the first volume 
to be its goal—‘‘to materially advance the development of inor- 
ganic chemistry.’’ 

The illness to which Kriiss finally succumbed began as far 
back as last October, but in spite of bodily suffering he reso- 
lutely continued his lectures and instruction at the laboratory. 
With the new year, however, his strength begain to fail and, grad- 
ually sinking, he finally passed away early on the morning of the 
third of February. 

To those who knew Kriiss and his work there will recur, as 














426 GERHARD KRUSS. 


aptly characterizing him, the words of Berzelius about Liebig— 
‘“The man unites, to an unusual degree, unassuming amiability 
with extraordinary industry and rare scientific ability.’’ 
L. M. DENNIS. 
PUBLISHED RESEARCHES OF PROFESSOR Kriss. 

1882. Ueber die Constitution von Losungen, Ber. d. chem. Ges., 15, 1243. 

1883. Ueber die Schwefelverbindungen des Molybdans, Ber. d. chem. 
Ges., 16, 2044. 

1883. With S. Oeconomides: Beziehungen zwischen der Zusammensetz- 
ung und den Absorptionsspektren organischer Verbindungen, Ber. d. 
chem. Ges., 16, 2051. 

1883. Ueber die Schwefelverbindungen des Molybdans, Ann. Chem. 
(Liebig), 225, 1. 

1884. Ueber eine neue Darstellungsmethode fiir Nitrile, Ber. d. chem. 
Ges., 17, 1766. 

1884. Ueber die Schwefelverbindungen des Molybdans, Ber. d. chem. 
Ges., 17, 1769. 

1884. Einige Beobachtungen tiber die hoheren Sauerstoffverbindungen 
des Kupfers, Ber. d. chem. Ges., 17, 2593. 

1884. Ueber den Einfluss der Temperatur auf spektralanalytische Beo- 
bachtungen und Messungen, Ber. d. chem. Ges., 17, 2732. 

1885. Zur quantitativen Spectralanalyse, Ber. d. chem. Ges., 18, 983. 

1885. Beziehungen zwischen der Zusammensetzung und den Absorptions- 
spectren organischer Verbindungen, Ber. d. chem. Ges., 18, 1426. 

1885. Titerstellung der Losungen von Kaliumpermanganat, Ber. d. chem. 
Ges., 18, 1580. 

1885. Ueber innere Molekularbewegung, Ber. d. chem. Ges., 18, 2586. 

1886. Ueber die Oxyde des Goldes, Ber. d. chem. Ges., 19, 2541. 

1886. Ueber die Reducirbarkeit der anorganischen Sulfosalze durch 
Wasserstoff, Ber. d. chem. Ges., 19, 2729. 

1886. Ueber einen Universalspectralapparat fiir qualitative und quanti- 
tative chemische Analyse, Ber. d. chem. Ges., 19, 2739. 

1886. Untersuchungen iiber das Gold, (First Paper) Ann. Chem. (Lie- 
big), 237, 274. 

1887. Ueber das Atomgewicht des Goldes, Ber. d. chem. Ges., 20, 205. 

1887. Ueber sublimirtes Aurichlorid, Ber. d. chem. Ges., 20, 211. 

1887. Untersuchungen tiber das Gold, (Second Paper) Ann. Chem. (Lie- 
big), 238, 30 and 241. 

1887. With L. F. Nilson: Ueber das Aequivalent und Atomgewicht des 
Thoriums, Ber. d. chem. Ges., 20, 1665. : 

1887. With L. F. Nilson: Ueber die Erden und die Niobsaure des Fer- 
gusonites, Ber. d. chem. Ges., 20, 1676. 

1887. With L. F. Nilson: Ueber das Product der Reduction von Niob- 
fluorkalium mit Natrium, Ber. d. chem. Ges., 20, 1691. _ 

1887. With L. F. Nilson: Ueber Kaliumgermanfluorid, Ber. d. chem. 
Ges., 20, 1696. 
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1887. With L. F. Nilson: Studien tiber die Componenten der Absorp- 
tionsspectra erzeugenden seltenen Erden, Ber. d. chem. Ges., 20, 2134. 

1887. Ueber das Atomgewicht des Goldes, Ber. d. chem. Ges., 20, 2365. 

1887. With Ludwig Hoffmann: Ueber die Sulfide des Goldes, (First Pa- 
per), Ber. d. chem. Ges., 20, 2369. 

1887. With F. W. Schmidt: Beitrage zur Kenntniss der Goldhalogen- 
verbindungen, Ber. d. chem. Ges., 20, 2634. 

1887. With Ludwig Hoffmann: Ueber die Sulfide des Goldes (Second 
Paper), Ber. d. chem. Ges., 20, 2704. 

1887. With L. F. Nilson: Die Componenten der Absorptionsspectra 
erzeugenden seltenen Erden, Ber. d. chem. Ges., 20, 3067. 

1887. With L. F. Nilson: Ueber die Dampfdichte des Thoriumchlorids, 
Ztschr. phys. Chem., 1, 301. 

1887. With L. F. Nilson: Ueber die spezifische Warme des Niobwasser- 
stoffs und der Niobsaure, Ztschr. phys. Chem., 1, 391. 

1888. Ueber das Atomgewicht des Goldes, Ber. d. chem. Ges., 21, 126. 

1888. Ueber ein neues Vorkommen des Germaniums, Ber. d. chem. Ges., 
$2,131. 

1888. With L. F. Nilson: Die Componenten der Absorptionsspectra 
erzeugenden seltenen Erden, Ber. d. chem. Ges., 21, 585. 

1888. Beziehungen zwischen Zusammensetzung und Absorptionsspek- 
trum organischer Verbindungen, Ztschr. phys. Chem., 2, 312. 

1888. With Paul Kiesewetter: Beitrage zur Kenntniss der Absorptions- 
spectra erzeugenden seltenen Erden, Ber. d. chem. Ges., 21, 2310. 

1888. With Erich Jager: Zur volumetrischen Bestimmung der Kohlen- 
saure in Carbonaten, Ztschr. anal. Chem., 27, 721. 

1888. With F. W. Schmidt: Beitrage zur Kenntniss der Goldhalogen- 
verbindungen, J. prakt. Chem., 38, 77. 

1889. With F. W. Schmidt: Untersuchung tiber das Kobalt und Nickel, 
Ber. d. chem. Ges., 22, II. 

1889. With F. W. Schmidt: Untersuchung tiber Kobalt und Nickel, 
Notiz. Ber. d. chem. Ges., 22, 2026. 

1889. With Erich Jager: Untersuchung iiber das Chrom, Ber. d. chem. 
Ges., 22, 2028. 

1889. With Hermann Moraht: Zur spectrocolorimetrischen Eisen— 
bezw. Rhodan-Bestimmung, Ber. d. chem. Ges., 22, 2054. 

1889. With Hermann Moraht: Ueber Eisendoppelrhodanide, Ber. d. 
chem. Ges., 22, 2061. 

1889. With Max Althausse: Beziehungen zwischen Zusammensetzung 
und Absorptionsspectrum organischer Verbindungen, Ber. d. chem. Ges., 
22, 2065. 

1890. With Hermann Moraht: Untersuchungen iiber das Beryllium, 
Ber. d. chem. Ges., 23, 727 and 2552. 

1890. With Karl Ohnmais: Ueber Vanadinsulfosalze, Ber. d. chem. Ges., 
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THE PROTEIDS OF THE RYE KERNEL.' 


By THOMAS B. OSBORNE. 


Received April 2, 1895. 
HE proteids of this seed have been but little studied and 
the statements published leave the subject in much con- 
fusion. 

Einhof, who in 1805° undertook an analysis of rye, was the 
first to make observations on the proteids obtained therefrom. 
He found that an aqueous extract of rye-meal contained two 
distinct proteid substances, one coagulating on boiling, and 
insoluble in alcohol, which he called albumin, and the other not 
coagulating, but soluble in alcohol, which he called gluten 
[kleber]. The latter he considered to be identical with the simi- 
lar substance extracted from wheat gluten by alcohol. Treatment 
with alcohol yielded much more ‘‘ kleber’’ than was extracted 
by water alone. It is interesting to note that Einhof in this 
investigation first discovered that characteristic differences exist 
between different kinds of vegetable proteid matter, it being 
thought at that time that gluten and albumin were simply 
modifications of the same body which under like conditions 


” 


would show the same properties. 

Heldt’ in 1843 published a description of the proteid taken up 
by alcohol from rye-meal. He prepared it by extracting the 
meal with hot alcohol, distilling off the alcohol, and treating the 
residue with ether to remove fat, and with water to remove ether 
and sugar. 

This preparation was analyzed with the following result: 


COURS o.56 ccc ancelceen ssadweeetues 56.38 
Hydrogen ..-..0seeceeceeeee evens 7.87 
Nitrogen .-ceeecccccecccccecccece 15.83 

Sulphur ) 
: Geacpeee, | ee 19.92 
100.00 


1From the report of the Connecticut Agricultural Experiment Station for 1894. 
Communicated by the author. 
2]. d. Chem. v. Gehlen, 5, 131. 
8 Ann. d. Chem. u. Pharm., 45, 195 
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Heldt remarked, ‘‘ the same composition was found by Scherer 
and Jones for other nitrogenous constituents of plants, plant- 
casein, plant-albumin, and plant-gelatin, to which last this body 
appears to stand nearest.’’ 

Jones' obtained albumin from rye by boiling the aqueous 
extract and treating the resulting coagulum with ether. He 
states that this albumin contained : 


CASDON <cccccccccccccvccc cess cees 54-74 
Hydrogen......-- midlet atesiewnice op Py Py iy | 
Nitrogen ...-+- sees. el are terete 15.85 
OXYZEM -- ++ cece cee eee cece cece 21.64 

100.00 


Verdeil,* contrary to the experience of Einhof, von Bibra, 
Ritthausen, and the writer, obtained gluten from rye-meal by 
kneading and washing in a cloth until starch wasremoved. He 
states that there remained a tough, glutinous substance, which 
could be easily drawn into threads. This gluten he says was not 
pure but was contaminated with a substance soluble in alcohol. 
When thoroughly extracted with alcohol he considered it to be 
pure. He determined sulphur in the gluten and found 0.989 
and 0.972 per cent. Von Bibra’ considered the proteid extracted 
from rye by alcohol to be the same as that similarly obtained 
from wheat. He gave the nitrogen content of this body as 15.73, 
15.52, and 15.50, and the sulphur as 0.973 and 0.950 per cent. 
He also recognized the presence of ‘‘ casein’’ which he did not 
analyze, and found from 1.565 to 2.799 per cent. of albumin, 
which contained 15.53 and 15.42 per cent. of nitrogen.. He con- 
sidered the proteids of rye to be the same as those of wheat. 

Rittenhausen* described three proteid substances which he 
found in rye; albumin, soluble in water, mucedin, soluble in 
alcohol, and gluten-casein, soluble in dilute potash water but 
insoluble in water and cold alcohol. 

Albumin, he says, is present in the aqueous extracts but he 
made no further examination of this body. The mucedin he 
considers to be the only proteid, soluble in alcohol, present in 


1 Ann. d. Chem. u. Pharm., 40, 66. 

2 Ann. d. Chem. u. Pharm., 58, 319. 

8 Die Getreidearten u. das Brod, Nuernberg, 7860, 291. 

4]. prakt Chem., 99, 439, and Die Eiweisskoerper, etc., Bonn. 1872, p. 83. 
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the rye kernel and this he regarded as similar to the mucedin 
which was believed to exist in the wheat kernel. He was unable 
to detect the presence of gliadin. Mucedin was prepared by 
extracting the meal with hot alcohol of eighty-five per cent. and 
concentrating and cooling the solution. The deposited sub- 
stance was further extracted with alcohol and ether. It was 
then dissolved in acetic acid and fractionally precipitated with 


potash. He states the composition of the substance as: 


| CORB AE co oi6 CS Siak eos wewneson ee Caos 53-61 
Hydrogen ...+-secceceeces caieewute 6.79 
Nitrogen .... ees ccccceccsccccces 16.84 
Sulphur (eo edsene 6656 Ob ee eROReE ees 0.50 
OXYQZEN +o ee cece ee cece eee cece ees 22.26 
| 100.00 


The gluten-casein was obtained by extracting the rye-meal 
directly with very dilute potash-water, precipitating with acetic 
acid and washing with water, alcohol, and ether. Two prepara- 
tions were made and gave, as an average, the following figures 
on analysis: 


COMMON n<6) saccisc vimana cceee sinh 52.14 
Hydrogen ..-.cecccccecccccs cece 6.93 
Nitrogen .-...2 ccccesccccescccecs 16.38 
Sulphur---+ eee ceeeee cece cececes 1.06 
OXYQZEMN oeeeeeersseccccevecsceess 23.49 

100.00 


Sidney Martin’ states that wheat, rye, and barley contain a 
globulin substance similar in properties to animal myosin, being 
soluble in ten to fifteen per cent. sodium chloride solutions, pre- 
cipitated therefrom by saturation with sodium chloride and with 
magnesium sulphate, and coagulating at 55° to 60°. This globu- 
lin is precipitated by dialysis and thereby is converted into the 
albuminate form. It is very evident from the foregoing sum- 
mary of previous work that we have no satisfactory knowledge 
of the rye proteids. 

In presenting the results of my investigation the subject may 
be most conveniently discussed under the following heads : 

A, proteids soluble in water; B, proteids insoluble in water 


1 Jour. Phystol., 8, viii. 
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but soluble in saline solutions; C, proteids insoluble in water 
and in saline solutions but soluble in alcohol; and, D, proteids 
insoluble in water, saline solutions, or alcohol but soluble in 
dilute alkalies. 

A. PROTEIDS SOLUBLE IN WATER. LEUCOSIN. PROTEOSE. 

The proteids soluble in water are best examined in extracts 
made in the first instance with ten per cent. sodium chloride 
solution from which subsequently the soluble salts have been 
removed by prolonged dialysis. When water is applied to the 
grain it becomes a weak saline solution which not only takes up 
globulins but also extracts gliadin whose presence greatly com- 
plicates the examination of the water-soluble proteids. Rye- 
meal' was accordingly exhausted with a solution containing ten 
per cent. sodium chloride and the extract, after syphoning from 
the subsided insoluble matters, was freed from salts and globu- 
lin by dialysis in river water and filtration. The resulting solu- 
tion yielded no more globulin by dialysis in distilled water and 
contained only those proteids extracted from the seed which 
were soluble in pure water. As the extract was bulky the pro- 
teids were precipitated by saturation with ammonium sulphate and 
thereupon dissolved in water. A comparatively concentrated solu- 
tion was thus obtained which was very nearly freed from ammo- 
nium sulphate by dialysis. It then had the following proper- 
ties: When heated slowly it became turbid at 52° and particu- 
late at 63°. After filtering from this coagulum nothing more 
separated even on boiling. Saturation of the dialyzed solu- 
tion with sodium chloride gave a precipitate that dissolved 
readily in water to a solution, which, heated to 63°, yielded a 
coagulum of albumin. The filtrate from this coagulum was 
again saturated with salt and a considerable precipitate obtained 
showing that with the albumin some proteose-like body was 
thrown down. Nitric acid added to the solution of this precipi- 
tate in water gave a precipitate which dissolved on warming and 
reappeared on cooling. The solution after filtering out the first 
precipitate of proteose and albumin, produced by saturation 
with sodium chloride, gave more precipitate on adding acetic 


1 The rye-meal used throughout this work was obtained by grinding, in the labora- 
tory, portions of clean and fresh winter rye, as needed for each extraction. 
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acid, showing the presence of a further quantity of proteose. 
The coagulum above described, which separated on heating its 
solution to 65°, was washed thoroughly with water, alcohol, 
absolute alcohol, and ether, and dried over sulphuric acid. 
When dried at 110° it had the following composition : 


COAGULATED RYE ALBUMIN, LkEuUCOSIN, Preparation 7. 
, 


I. i. Average. Ash-free. 
Carbon..-.«.- « J52.41 sees 52.31 52.57 
Hydrogen .-.... 6.78 soem 6.78 6.81 
» 5 / / 

Nitrogen -..... 16.14 16.11 16.13 16.22 

Sulphur ) 

Oxygen j oe 
100.00 

TIN Sid 6 gk lel wee 0.51 


Another extract was examined in a slightly different way. 
1,000 grams of rye-meal were extracted with eleven liters of ten 
per cent. sodium chloride solution and, in order to get rid of the 
large amount of gum taken up, the solution, after filtering, was 
dialyzed and then saturated with ammonium sulphate. The 
precipitate thus produced was dissolved, as far as possible, in 
ten per cent. sodium chloride brine, filtered clear, and dialyzed 
until chlorides were removed. The solution after filtering clear 
was then heated to 65° and the albumin that separated was fil- 
tered out, washed thoroughly with hot water, with alcohol, and 
with ether, and dried over sulphuric acid. This preparation, 2, 
weighed 1.21 grams and had the following composition : 


SOAGULATED RYE ALBUMIN, LEUCOSIN, Preparation 2. 
Cc ULATED RYE ALBUMIN, LEtl In, P tio 


Ash-free. 
Cert 6.6660% onrcsewns 53-04 53-29 
Hydrogen «+++ --+++-eee 6.7 6.74 
Nitrogen ..+++ esseeeee 16.57 16.65 
Sulphur ae: See ees 23.32 
Oxygen Jj " 

100.00 


The solution containing the proteoses, filtered from prepara- 
tion 2, was then treated with twenty per cent. of its weight of 
dry sodium chloride and a little two-tenths per cent. hydro- 
chloric acid was added which gave a considerable precipitate. 
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This was filtered out, dissolved in distilled water, and the solu- 
tion dialyzed till free from chlorides. This solution then gave a 
precipitate with nitric acid, which dissolved on warming and 
precipitated again on cooling. The solution concentrated to a 
syrup on a water-bath was precipitated by pouring into absolute 
alcohol. The precipitate, when dried over sulphuric acid, 
weighed 0.41 gram or one-third as much as the albumin. The 
filtrate, from the precipitation of this substance [with twenty per 
cent. of sodium chloride and acid], was saturated with ammo- 
nium sulphate and the precipitate thus produced filtered out 
and dissolved in distilled water. With copper sulphate and 
potash this substance gave a clear pink color. Itssolution gave 
no precipitate on adding nitric ‘acid until it had been saturated 
with sodium chloride, when a slight precipitate fell. It yielded 
no precipitate with copper stilphate. These reactions indicate 
that besides albumin the aqueous extract contains small quanti- 
ties of proto- and deutero-proteose. 

Again, 2,000 grams of rye-meal were treated with ten per cent. 
sodium chloride solution and the extract filtered and saturated 
with ammonium sulphate. The precipitate produced was dis- 
solved in ten per cent.sodium chloride solution, filtered, and 
dialyzed until all chlorides were removed. After filtering clear 
the solution was heated to 65° for some time and the coagulum 
filtered out, washed with hot water, alcohol, and ether, and 
dried for analysis, preparation 3. The filtrate from 3 was then 
concentrated by boiling, during which a coagulum developed. 
This was filtered out, washed as usual, and dried for analysis, 


preparation 4. 


COAGULATED RYE ALBUMIN, LEuUCOSIN, Preparation 3. 


i. II. Average. Ash-free. 
Carbon...... steers 53-41 53-32 53-37 53-52 
Hydrogen ..... «+ 6.90 6.82 6.86 6.88 
Nitrogen.-...++. .. 16.73 tee 16.73 16.78 
Sul ‘ 
phur | errr te ee TT eue sae 22.82 
Oxygen Jj 
100.00 


Oe aS Se Wieiwiele 0.30 
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SOAGULATED RYE ALBUMIN, LEUCOSIN, Preparatt« q 
C ULATED RYE ALBUMIN, LEUCOSIN, Pr ration 


I. II. Average. Ash-free. 
Carbon......-....- 52.64 52.53 52.58 52.86 
Hydrogen ......... 6.76 6.73 6.75 6.79 
Nitrogen -.-......- 16.86 tees 16.86 16.95 
Sulphur ) Keene eae <swe eee vee 23.40 
Oxygen | = 
100.00 


Re. cucne ceuwasiens 0.56 


Another extract was made by treating 1,700 grams of rye- 
meal with sixteen liters of water. Afterstanding over night the 
solution was filtered off and saturated with ammonium sulphate. 
The meal residue was treated again in the same way and the fil- 
tered extract, after saturating with ammonium sulphate, was 
added to that first obtained. The precipitated proteids were then 
dissolved in water yielding a very gummy solution. As this 
solution was bulky the proteids were again precipitated with 
ammonium sulphate and the precipitate after filtering out was 
treated with three liters of ten per cent. sodium chloride solu- 
tion. The whole was then dialyzed, it having been found that 
these viscid solutions lost their gummy character on dialysis. 
After eight days all the gum had disappeared. ‘The solution 
was then readily filtered clear. In order to reduce the volume 
of the solution it was again saturated with ammonium sulphate 
and the large precipitate treated with about a liter of ten per cent. 
sodium chloride solution. A turbid liquid resulted which was 
not cleared by passing through filter-paper but, on standing, 
became clear and the sediment was found to consist of gliadin, 
which is to be noticed later. Gliadin is soluble to a considera- 
ble extent in pure water and in water containing but a very 
small amount of dissolved salts, but the addition of a little 
sodium chloride to its solution precipitates it completely. After 
the solution had entirely cleared by subsidence it was dialyzed 
free from chlorides and heated to 65°. The resulting coagulum 
was then filtered out, washed and dried in the usual manner, 
and found to weigh 1.55 grams. The composition of this prepara- 
tion was as follows: 
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COAGULATED RYE ALBUMIN, LEuCOSIN, Preparation 5. 


Ash-free. 
oe ee ee ee ree 52.67 52.91 
Hydrogen esses anee naive meme 6.78 6.81 
Nitrogen sd n'ens) od ele eine aemale eee + 0 16.57 16.65 
Sulphur .....-seeeeeseeece cone 1.40 1.40 
Oxygen coccce Cece er cccccccccces cece 22.23 
100.00 


BED cncceecvdsees rrr TT es 0.47 


The meal residue from the water extract that yielded 5, was 
then treated with ten per cent. sodium chloride solution and the 
filtered extract saturated with ammonium sulphate ; the precipi- 
tate so obtained was filtered out, dissolved in water and sodium 
chloride solution, and dialyzed till free from chlorides. ‘The 
liquid was then filtered clear and heated to 65°. The coagulum 
washed and dried weighed 1.92 grams, being therefore consid- 
erably greater than the preparation obtained from the aqueous 
extract. It would appear therefore probable that the albumin 
forms a constituent of the aleurone grains which may not be 
broken up until treated with saline solutions. The following 
figures show the composition of this preparation: 


COAGULATED RYE ALBUMIN, LEUCOSIN, Preparation 6. 


Ash-free. 
CArbOHd cececc cecieces vsiccecces 52.55 52.77 
Hydrogen ..-.seseecee cece cece 6.67 6.7 
Nitrogen ...20+ secccecccceecee 16.61 16.68 
Sulphur ee ee 1.29 1,29 
OxXYZeNn -000 cecseeccce cece cece svat 22.56 

100.00 


ASHcccccc cece ccc cccvcvcccceve 0.42 


SUMMARY OF ANALYSIS OF COAGULATED RYE ALBUMIN, LEUCOSIN. 

I 2 3 4 5 6 Average 
Carbon.---+ 52.57 53-29 53-52 52.86 52.91 52.77 52.97 
Hydrogen... 6.81 6.74 6.88 6.79 6.81 6.70 6.79 
Nitrogen... 16.22 16.65 16.78 16.95 16.65 16.68 16.66 
Sulphur) | 24.40 23.32 ane 23.40 1.40 1.29 1.35 
Oxygen ! 22.23 22.56 22.23 








100.00 100,00 100.00 100.00 100.00 100.00 100.00 
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Five hundred grams of rye flour’ wereextracted with 2,000 cc. 
of five per cent. sodium chloride solution and 1,000 cc. of the 
clear filtered extract were dialyzed tillfree from chlorides. The 
solution was then filtered and heated for twenty-four hours in a 
water-bath of 70°. The coagulated albumin was filtered out, 
washed with water, alcohol, and ether, and dried over sulphuric 
acid, and found to weigh 1.08 grams, equivalent to 0.43 per cent. 
of the flour. 

So far as tested this albumin agrees in all respects with that 
obtained from wheat.* The variations in composition of these 
preparations are considerable but perhaps not greater than might 
be expected. 

The aqueous and saline extracts of the rye-meal contain much 
gum and coloring matters which render the isolation of pure 
proteids very difficult. It will be seen, however, that the prep- 
arations of wheat albumin and rye albumin have very nearly 
the same average composition and that both proteids show the 
same reactions and coagulate at the same temperature. They 
are unquestionably the same substance, for which I have adopted 
the name /eucosin. 


COAGULATED LEUCOSIN. 


Wheat. Rye. 
Average of Averave of 
five analyses. six analyses. 
Caeitt seccs.0ccesssecce ee 53.02 52.97 
Hydrogen cece cece cece ce 6.84 6.79 
Nitrogen ....-+eeseceeee 16.80 16.66 
Sulphur ...-.....eeeeeee 1.28 36 
OXY ZEN +e seer vere ec eeeeee 22.06 22.23 
100.00 100.00 


The proteoses of the rye also show the same reactions as those 
of the wheat kernel, and so far as it is possible to determine 
they are identical. 

B. PROTEID SOLUBLE IN SALINE SOLUTIONS. EDESTIN. 

Owing to the large amount of gum extracted from the rye-meal, 
the preparation of the globulin in a pure state was found to be 
extremely difficult. Such preparations as were made disagreed 


1 Made by the Health Food Company of New York. 
2 Am. Chem. /., 15, 408; also Ann. Report Conn. Expt. Station for 1893, p. 179. 
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in composition and in only one case was a substance obtained 
which appeared to be pure enough to warrant the publication of 
its analysis. So far as could be detected the globulin which sep- 
arated on dialysis had the same properties as that similarly 
derived from wheat. One preparation of this globulin, which 
had nearly the same composition as the wheat globulin and 
appeared to be free from gum and other impurities, was obtained 
as follows: 5,000 grams of rye flour, made by the Health Food 
Co. of New York, were extracted with fifteen liters of five per 
cent. sodium chloride solution and the extract filtered clear. 
Nine liters of extract were thus obtained, being approximately 
equal to a complete extraction of three kilos of rye flour. 

The entire solution was dialyzed for four days in order to 
remove the greater part of the gum. The extract was saturated 
with ammonium sulphate, the precipitate filtered out, suspended 
in water, and dialyzed for three days. Most of the substance was 
now dissolved and the insoluble matter was filtered out, washed 
with sodium chloride solution, and the filtrate and washings 
returned to the dialyzer. When free from chlorides the solution 
was filtered from a small precipitate and this latter washed with 
water, alcohol, and ether and dried over sulphuric acid. Only 
1.21 grams of globulin were obtained, which, when dried at 110°, 
had the following composition : 


RYE GLOBULIN, EDESTIN, Preparation 7. WHEAT GIO} ULIN, EDESTIN. 
é/ 
Average of 








Ash-free. five analyses. 

Carbon...--..--- 51.03 51.19 51.03 
Hydrogen ..--- 6.72 6.74 6.85 
Nitrogen.....-- 18.14 18.19 18.39 
Sulphur) 23.88 0.69 
Oxygen ! 23.04 
RAN dicls babel ieee s 0.33 ies amis 

100.00 100.00 


The writer has no doubt that this globulin is identical with the 
edestin found in the wheat kernel and other seeds,’ but owing to 
the difficulties encountered in preparing it from rye, further evi- 
dence on this point was not obtained. 

With reference to Martin’s statement concerning the presence 
of myosin—what is written on that point in the paper by Osborne 


1 Annual Report Conn. Expt. Station for 1893, pp. 179 and 216. 
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and Voorhees on the ‘‘ Proteids of the Wheat Kernel’’ applies 
equally to rye.' 
C. PROTEID SOLUBLE IN ALCOHOL. GLIADIN. 

After extraction with sodium chloride solution, alcohol of sev- 
enty-five to eighty per cent. takes up a considerable quantity of 
proteid. One hundred grams of rye-meal were extracted thor- 
oughly with ten per cent. sodium chloride solution and then with 
seventy-five per cent. alcohol. The alcoholic extract was evapo- 
rated to very small volume and the separated proteid washed 

with water and ether and then dried. It weighed 3.93 grams, 
being therefore nearly four per cent. of themeal. Two thou- 
sand grams of rye-meal were then extracted with alcohol of 
0.9 specific gravity, four successive times. Each extract, 
after filtering clear, was concentrated by distillation on a water- 
bath. ‘The first three extracts yielded, on cooling, a deposit of 
proteid, but the fourth contained almost none. Each residue 
was then washed with water and dissolved in seventy-five per 
cent, alcohol. ‘The substance from the first extract yielded an 
insoluble residue which, when washed with dilute alcohol, abso- 
lute alcohol, and ether, gave preparation 8. This dried at 110° 
contained seventeen per cent. of nitrogen. The solutions of the 
substances from the three extracts in dilute alcohol, were con- 
centrated to about one-fourth their original volume and cooled, 
when the dissolved proteid separated. The substance from the 
first extract was digested with absolute alcohol which dissolved 
a part of it, then with ether, and dried, giving preparation 9. 
The residue from the second extract was washed superficially ‘i 
with water and then treated in a divided state with distilled water , 
until dissolved. A little saturated sodium chloride was then 
added and the proteid wholly precipitated. The precipitate was 
then thoroughly dehydrated with absolute alcohol, digested with 
ether, and dried. This formed preparation 10. The proteid 
separated from the third extract was digested with absolute alco- 
hol and with ether, and yielded a small quantity of proteid, prep- 
‘aration 11, which when dried contained, ash-free, 16.89 per cent. 
of nitrogen. The absolute alcohol used in dehydrating prepara- 
tion 9, with help of the water which it extracted, dissolved a con- 
LAm. Chem. J., 15, 415- 


4 -29-95 
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siderable quantity of proteid. This was precipitated by adding 
a few drops of sodium chloride solution. The precipitate pro- 
duced was then digested with absolute alcohol and ether and, 
when dried was found to contain, ash-free, 16.02 per cent. of 
nitrogen. The preparation was therefore redissolved in dilute 
alcohol, filtered perfectly clear, concentrated to small volume, and 
cooled. The proteid separating was then treated as before with 
absolute alcohol and ether and yielded preparation 12. The pro- 
teid thus extracted showed in all respects the properties of wheat 
gliadin, and it will be seen that it has nearly the same compo- - 
sition. 
RYE GLIADIN, Preparation 9. 











: 2 II. Average. Ash-free. 
Carbon. ..----++-+- 52.76 sees 52.76 52.84 
Hydrogen .-------- 6.81 ware 6.81 6.82 
Nitrogen...-..--.- 17.14 17.23 17.19 17.22 
Sulphur ) cocecces oo me ones owes 23.12 
Oxygen ! 
NO gid 6 Gua drace oo 0.16 100.00 

RYE GLIADIN, Preparation ro. 

# x. Average. Ash-free. 
a | eee ee 53-06 52.90 52.98 53.23 
Hydrogen ........ 6.83 wet 6.97 7.00 
Nitrogen ...-+++-- 17.13 E707 17.15 17:23 
Sulphur \ |, ‘alii wae noes 22.54 
Oxygen ! 
Ash «««. seesecves 0.48 100.00 

RYE GLiaADIN, Preparation 72. 

z. II. Average. Ash-free. 
Carbon..--+-.+s++6 52.99 53-11 53-05 53-11 
Hydrogen......-- 73 6.83 6.78 6.79 
Nitrogen .......+. 17.57 eee 17-57 17.59 
Sulphur ......... 1.44 sees 1.44 1.44 
Oxygen ee coos sees oeee 21.07 

100.00 

PE Oe eee 0.12 


One thousand grams of rye-meal were thoroughly extracted 
with ten per cent. sodium chloride solution and drained as dry as* 
possible on filters. The extracted residue was then treated with 
alcohol of 0.860 specific gravity four consecutive times. The 
four red-brown extracts were filtered clear, concentrated till most 
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of the alcohol was removed, and then cooled. The precipitates 
thus obtained were united and treated at first with stronger and 
afterwards with seventy-five per cent. alcohol until all soluble 
was dissolved. A considerable residue remained which appeared 
to be coagulated gliadin. This was washed thoroughly with 
absolute alcohol and ether, and when dried weighed 5.62 grams, 
preparation 13. The dissolved proteid, after filtering its solution 
perfectly clear, was separated by concentrating to small volume 
and cooling. The deposit was then treated with absolute alco- 
hol, dissolved again ina little,dilute alcohol, and precipitated by 
pouring into absolute alcohol. The proteid, preparation 14, sep- 
arated perfectly colorless, in a finely divided state. When dried 
it weighed 11.66 grams. 


RYE GLIADIN, Preparation 13. 








| & Il. Average. Ash-free. 
Carbon...------+-- 52.3 teee 52.36 52.62 
Hydrogen «--....- 6.73 sees 6.73 6.7 
Nitrogen .-------- 17.75 17.59 17.67 17.75 
Sulphur...-..-.-- 1.19 tees 1.19 1.19 
Oxygen --+++eeeee ak 21.68 
100.00 
Ash ccc qeccccccce 0.51 
RYE GLIADIN, Preparation 14. 
I. II. Average. Ash-free. 
Carbon...+....+.. 52.74 tees 52.74 52.93 
Hydrogen .-.-...-- 6.73 see 6.73 6.75 
Nitrogen -.---.--.-. 19:42 17.52 17.42 17.48 
Sulphur.......... 23 vee 1.23 1.23 
Oxygen enas seesaw aces KES vmae 21.61 
100.00 
Aa once ccecccsece 0.37 


These two preparations formed together 1.73 per cent. of the 
rye-meal and have the composition of wheat gliadin. In order 
to prevent contamination of this proteid with the gum contained 
in rye-meal, which Ritthausen' states to be freely soluble in 
fifty per cent. alcohol, the following method was tried : 

After extracting rye-meal with ten per cent. sodium chloride 


1Die Eiweisskoerper, etc., Bonn, 1872, p. 96, and /. prakt. Chem., 99, 454, and 102, 
321. 
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brine, the residue was treated with alcohol so strong that with 
the water retained by the meal, a mixture resulted containing 
about seventy-five per cent. of alcohol. After standing over night 
the extract was syphoned from the residue and greatly diluted 
with water. The proteid separated on standing and was filtered 
out and dissolved in seventy-five per cent. alcohol. This solu- 
tion was filtered perfectly clear, concentrated, cooled, and the 
separated proteid treated with absolute alcohol and ether and 
dried. The resulting preparation 15, was perfectly white. The 
residual meal was again extracted with seventy-five per cent. 
alcohol and the extract filtered clear, concentrated to one-fourth 
its volume, cooled, the precipitated proteid again dissolved in 
seventy-five per cent. alcohol, filtered clear, concentrated, cooled, 
and the separated proteid washed repeatedly with water. The 
substance was again dissolved in dilute alcohol and the clear 
solution precipitated by pouring into absolute alcohol. The pre- 
cipitate produced was still again dissolved in dilute alcohol and 
a second time precipitated by pouring into absolute alcohol. 
The precipitate thus resulting was dissolved in dilute alcohol 
and precipitated by pouring into water and adding a little salt. 
The final pure white precipitate was digested with absolute alco- 
hol and ether and dried, giving preparation 16. 


RYE GLIADIN, Preparation 15. 





a II. Average. Ash-free. 
Carbon...----++++. 52.03 52.09 52.06 52.40 
Hydrogen........ 6.7 6.91 6.85 6.89 
Nitrogen ..----..- 17.80 sees 17.80 17.91 
Sulphur......-++- 1.23 sees 1.23 ev 
Oxygen Sens tees we eves eoce eeee 21.56 
100.00 
Pai wcities cvacuwes 0.68 
RYE GLIADIN, Preparation 76. 
i. ii. Average. Ash-free. 
Carbon......-..e-. 52.74 52.65 52.70 53-03 
Hydrogen......-- 6.90 6.96 6.93 6.97 
Nitrogen..------. 17.39 - 17.39 17.50 
Sulphur.......... 1.29 sees 1.29 1.30 
Oxygen .-.-.++.6. oes want eee 21.20 


100.00 
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Another preparation of this substance was made by extracting 
three thousand grams of rye flour directly with seventy-five per 
cent. alcohol. The extract was concentrated to one-fourth its 
volume and the proteid which separated on cooling was washed 
many times with distilled water and dissolved in dilute alcohol, 
yielding a clear solution. This was then poured into three times 
its volume of absolute alcohol and an opalescent mixture obtained 
which deposited a curdy precipitate after adding a little sodium 
chloride solution. The strong alcoholi¢ solution from which 
this separated was clear and of a deep yellow color. The pre- 
cipitate was treated with absolute alcohol as long as this was 
colored. During the process the substance was rubbed up to a 
fine powder. It was finally digested with ether for twenty-four 
hours and dried over sulphuric acid. This preparation, 17, 
weighéd fifty-eight grams, and was perfectly white. It formed 
very nearly two per cent. of the meal. 


RYE GLIADIN, Preparation 17. 





CMO 6 66 6 so CS tee aetna eeeoeesscnoues 52.68 
Hydrogen .--ccesees cecccecccce cwapeedenewadnats 6.71 
Nitrogen ....seececccecccccccccscces snewe wae - 17.89 
Sulphur... ..cccc cece cece cscs cccces cons cece cece 1.22 
OXYGEN 20 cccccececccs cece cece cece cccesscccees 21.50 
BOicnck6cteese. veoeces sa eoenee eee cece cccceseece 0.00 

100.00 


In order to establish conclusively whether more than one alco- 
hol-soluble proteid is contained in the rye kernel, five prepara- 
tions were made from the same portion of meal, by fractional 
precipitation. Four thousand grams of rye-meal were thor- 
oughly extracted with ten per cent. sodium chloride solution, 
and the greater part of the bran removed by washing the meal 
through coarse cloth with the salt solution. The residue, after 
decanting the salt solution, was extracted with seventy-five per 
cent. alcoho! ; the extract was filtered clear and divided into two 
parts. The first part was concentrated to one-fourth and cooled, 
the second to one-half. The precipitated proteid from each was 
washed repeatedly with distilled water, dissolved in a small 
amount of seventy-five per cent. alcohol, filtered clear, and pre- 
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cipitated by pouring into absolute alcohol. 
separated was digested with absolute alcohol and with ether. 
From the first portion of the alcoholic extract, preparation 18 was 


obtained, from the second, preparation 19. 


lowing composition : 


RvE GLIADIN, Preparation 78. 


Psa alsedes Seeaeele ees See cus 51.90 
Hydrogen ....-- beets 6.87 
Nitrogen «--.-cceeee sees sees cece 17.50 
Sulphur ...-..00 sees sees cccccevess 1.26 
OXYZEM - cece receecccceececceecs 

NT 5 a weeWVeIes OV606 dwkw sare seme 1.48 


RYE GLIADIN, Preparation 79. 


NEI cauclwdewies ee Gone wien eese ee 52.04 
Hydrogen ..--+- seeceescee cece eees 6.66 ° 
Nitrogen --... 2 seeeeeceeeeeevcees 17.77 
Sulphur «22... 0000 sccececccccecces 1.15 
OXYZEMN- eee eee eens we eee neces cen nee 
MM cnc wivas4.505¢ een sa peleeunesiees 0.71 





The proteid thus 


These had the fol- 


Ash-free. 
52.67 
6.97 
17.76 
1.27 
23.33 


100.00 


Ash-free. 
52.40 
6.71 
17.89 
1.16 
21.84 


100.00 


The water washings from these two preparations were sever- 
ally mixed with a little saturated sodium chloride solution which 


gave aconsiderable precipitate in each. 


These precipitates were 


then washed superficially with distilled water, dehydrated with 
absolute alcohol, and treated with ether. The washings from 18 
yielded preparation 20, those from 19, preparation 21. 


RYE GLIADIN, Preparation 20. 





 # II. Average. Ash-free. 

Carbon «-+---++. see 51.36 51.55 51.46 53-05 
Hydrogen .......... 7.07" 6.61 6.61 6.92 
Nitrogen..----++.-+: 17.64 17.61 17.63 18.17 
Sulphur ............ 1.14 Bree 1.14 1.17 
Oxygen ---eeceeeeeee ces siewe seve 20.69 

100.00 
eRe, a iclglaw saa bene 3.01 


1 Omitted in average. 











I. 
a 52.01 
Hydrogen.........+- 6.88 
Nitrogen.....-+.eee- 17.99 
Sulphur ..........+- 1.04 
Oxygen .-.+-..eeeees 
°° SARC R PTET Te 0.71 


ether, yielded preparation 22. 
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RYE GLIADIN, Preparation 21. 


II. Average 
52.01 
6.88 
17.97 17.98 
ecce 1.04 


RYE GLIADIN, Preparation 22. 


KERNEL. 








3 Ash-free. 


52-37 
6.93 
18.10 


1.05 
21.55 





100.00 





The mother-liquors from which 18 and 19 separated, after con- 
centration, were united, further concentrated and cooled. 
portion so separated was washed with water, dissolved in alco- 
hol, the solution filtered clear and precipitated by pouring into 
absolute alcohol, and, after digesting with absolute alcohol and 


The 








Ash-free. 

CEGHOM 65:00 606.00.0640 bcs ents Geet 48.44 52.46 

Hydrogen ..-... see eee seceeeees 6.22 6.73 

Nitrogen ..-- sce cceccecseccccces 16.68 17.94 

Sulphur WTTTITTT ET iT 0.91 0.99 

Oxygen pCeSeeeeekes ene awemneews mre 21.88 

100.00 

BO 4 6606 050s Cecedoucesne Siedaace 7.67 
SUMMARY OF ANALYSES OF RYE GLIADIN. 
9. 10. 12. 13. 14. 15. 16. 

Carbon....... 52.84 53.22 53-11 52.62 52.93 52.40 53-03 
Hydrogen..-. 6.82 7.00 6.79 6.76 6.75 6.89 6.97 
Nitrogen...-- 17.22 17.23 17.59 17.75 17.48 17.91 17.50 
Sulphur ) me 22.54 1.44 1.19 1.23 1.24 1.30 
Oxygen ! 21.07 21.68 21.61 21.56 21.20 
100.00 100.00 100.00 100.00 100.00 100.00 100.00 
17. 18. 19. 20. 21. 22. Average. 
Carbon.....-- 52.68 52.67 52.40 53-05 52.37 52.46 52.75 
Hydrogen.... 6.71 6.97 6.71 6.92 6.93 6.73 6.84 
Nitrogen..... 17.89 17.76 17.89 18.17 18.10 17.94 17.972 
Sulphur ....- 1.22 5.27 1.16 Be i 1.05 0.99 1.41 
Oxygen...... 21.50 21.33 21.84 20.69 21.55 21.88 21.48 
100-00 100,00 100.00 100.00 100.00 100.00 100.00 
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Comparing these results with those obtained by Osborne and 
Voorhees in analyzing gliadin from wheat' it is seen that they 
agree very closely, similar variations between the analyses exist- 
ing in both cases. The averages of the two series of analyses 
agree well, as shown by the following figures : 


SLIADIN. 





Wheat. Rye. 
CaCO 60s \c.s0-0% PEPTIC R EER TR 52.72 52.75 
Hydrogen .....--seeeseececceee 6 “656 6.84 
Nitrogen -...-.cssesccscccccscces 17.66 17.72 
Sulphur ....--.sseeeeeseseeeeee os 34 1.21 
Oxygen Ccesececcececcceceocce ocsce 25.62 21.48 

100.00 100.00 


In all their properties wheat gliadin and rye gliadin resemble 
each other so exactly as to leave no doubt of their chemical iden- 
tity. Ritthausen, as already stated, failed to find gliadin in rye- 
meal and described the proteid soluble in alcohol as mucedin, 
having a lower nitrogen and higher carboncontent. This disa- 
greement is doubtless due to impurities in Ritthausen’s prepara- 
tions, which, as he mentions, contained coloring matter that 
could not be removed. This color was probably a result of 
extracting with hot alcohol, which Ritthausen appears to have 
used in all cases, cold alcohol having given him a small yield of 
proteid. I had, however, no trouble in obtaining an abundant 
yield of gliadin with cold alcohol of seventy per cent., and 
thereby have extracted far less coloring matter than with hot 
alcohol. 


D. PROTEID SOLUBLE ONLY IN DILUTE ALKALIES. 


The sample of rye flour previously used in this work contained 
1.52 per cent. of nitrogen. The amount of nitrogen soluble in 
salt solution and in dilute alcohol was determined in this flour 
by extracting Ioo grams with a large quantity of five per cent. 
sodium chloride solution and then with seventy-five per cent. 
alcohol. The residue was then thoroughly air-dried and found 
to weigh seventy-eight grams. This residue contained 0.55 
per cent. of nitrogen. The 100 grams of flour therefore con- 


1Am., Chem, /., 15, 436. 
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tained 1.52 grams of nitrogen of which 0.43 gram remained after 
extraction and 1.09 grams were soluble in dilute salt solution 
and alcohol, or in other words, 71.7 per cent. of the nitrogen 
was soluble in the reagents named and 28.3 per cent. was insolu- 
ble. In the wheat kernel a considerable part of the nitrogen 
was likewise found to be insoluble in salt solution and in dilute 
alcohol, but as this substance could be separated as a constituent 
of the gluten it was possible to prepare it in quantity and in a 
state of comparitive purity. Since rye flour yielded no gluten 
on washing with water, the proteid remaining in the meal after 
extracting with salt solution and dilute alcohol, could be obtained 
only by extracting the residual meal directly with dilute potash 
water. All attempts, however, to thus prepare this substance 
resulted only in the production of small preparations of very 
variable composition. The gum present in the seed dissolved 
freely in the alkaline solution and made it impossible by any 
means yet discovered to thoroughly purify the preparations. 
For this reason nothing positive can be said now in relation to 
the nature or composition of this residual proteid. Since the 
other proteids are the same as those found in the wheat kernel 
it might be conjectured that this proteid is identical with glutenin. 
The fact that rye flour yields no gluten is, however, opposed to 
such a conclusion. It is therefore more probable that the sub- 
stance in question is, partly or wholly, other than glutenin. 


QUANTITIES OF THE DIFFERENT PROTEIDS IN THE RYE KERNEL. 


Owing to the gum already mentioned the filtration and treat- 
ment of the rye extracts was difficult and prolonged and the 
amounts of globulin, albumin, and proteose could not be deter- 
mined separately, as in the case of wheat. The rye flour con- 
tained 1.52 per cent. of nitrogen. If we assume that the pro- 
teids of rye contain on the average 17.6 per cent. of nitrogen, as 
was very nearly the case with those of wheat, and that all the 
nitrogen exists in proteid form, this sample of flour would con- 
tain 8.63 per cent. of proteid. We have, therefore, 2.44 per 
cent. of insoluble proteid and 6.19 per cent. soluble in salt solu- 
tion and alcohol. We have already shown that the alcohol- 
soluble gliadin amounted to four per cent. of the flour and the 
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leucosin to 0.43 per cent.; there thus remains 1.76 per cent. to 
be divided between edestin and proteoses. 


Insoluble in salt solution.....-++-+eeeeeeeees 2.44 per cent. 
Gliadin, soluble in alcohol .-.- «+--+ -+++ eee. ++ 4.00 ss 
Leucosin, soluble in water ---- «+++ +++. seeeee 0.43 oe 
Edestin and Proteose, soluble in salt solution 1.76 os 
8.63 4 





ZIRCONIUM SULPHITE. 
By F. P. VENABLE AND CHARLES BASKERVILLE. 


Received March 30, 189s. 
ERY little is recorded in the text-books on chemistry with 
V regard to this compound of zirconium. Berthier is 
reported as having examined it and found it to be a white insolu- 
ble body, slightly soluble, however, in an aqueous solution of 
sulphurous acid, from which it is thrown down again upon boil- 
ing. Whether this was what is commonly known as the neu- 
tral, or the acid, ora basic sulphite, is not recorded. It is 
highly probable that with so weak an acid as sulphurous acid, 
zirconium would form under these circumstances only basic com- 
pounds. We may state with regard to our own work that we 
have been unable with one exception to form any sulphite. cor- 
responding to the acid or the neutral. Only very indefinite 
compounds or mixtures of the sulphite with the hydroxide have 
come into our hands, as a rule. 

The subject was first brought to our attention by the study of 
the reaction utilized by Baskerville for the quantitative separa- 
tion of zirconium from iron and aluminum.’ It was also 
put into use by him for shortening the method of preparing the 
pure zirconium chlorides.” The reaction in question is that 
which takes place when a nearly neutral solution of zirconium 
chloride is boiled with sulphur dioxide in excess. 

Several points of interest were observed as to this reaction. 
It was found that when a solution of the sulphate was used it 
was difficult to secure any precipitation by means of sulphur 
dioxide even with persistent boiling. The chloride was clearly 


1 THIS JOURNAL, 16, 475. 
2 J. Elisha Mitchell, Scientific Society, 11, 85. 
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the best salt to use. The pure chloride was made up into 
approximately a two and a half per cent. solution and this was 
either very nearly neutralized by meansof ammonia, or ammonia 
was added until there was a slight permanent precipitate. In 
the latter case the saturation of this solution with sulphur diox- 
ide produced an immediate precipitate. If this were permitted 
to stand for some time the precipitate was redissolved, the 
remaining liquid being only slightly clouded. This re-solution 
was probably due to the hydrochloric acid liberated and also to 
the excess of sulphurous acid present. If this solution of zirco- 
nium chloride saturated with sulphur dioxide were diluted with 
several times its volume of water and boiled from fifteen to 
thirty minutes, a heavy white precipitate was produced. This 
was quite easily filtered by means of an unglazed porcelain suc- 
tion filter. The precipitate was washed several times and 
finally dried over sulphuric acid in a desiccator. The analysis 
gave: ; 

Zirconium dioxide... +-+-.+-- 61.10 61.75 61.75 61.00 

Sulphur dioxide.---......++. tees 22.24 22.20 

Ratio of zirconium to sulphur dioxide 1s 23.2, , caine 

Ratio of zirconium to sulphur dioxide in the neutral sulphite, Zr (SO,),, 

eS ee 

This substance when so dried was perfectly white and quite 
hard. It was powdered with some difficulty in an agate mortar 
and resembled very much finely divided silica. 

It was sometimes noted that the precipitate formed on passing 
the sulphur dioxide into the solution of zirconium chloride was 
partially dissolved upon the prolonged passage of the gas. To 
determine in how far the liberated hydrochloric acid was the 
agent causing this re-solution, some zirconium hydroxide, freshly 
precipitated by means of ammonium hydroxide, was washed free 
from hydrochloric acid and was then treated with a concentrated 
and freshly prepared solution of sulphur dioxide. This was 
allowed to stand during two or three months and was frequently 
shaken. The solid at the bottom of the flask separated into two 
layers, the gelatinous hydroxide settling first and upon this a 
white finely divided substance formed. The supernatant liquid 
was found to contain zirconium. The white layer was sepa- 
rated from the hydroxide and analyzed. It contained : 

















450 F. P. VENABLE AND CHARLES BASKERVILLE. 


Zirconium dioxide ...+....++++- 15-05 15.53 sees 
Sulphur dioxide.-.. ----..-++-- eae nee 4.86 
Water (blast-lamp).--- «+++ +++ 2.78 3-03 sees 
Water, at 95° C.--- eeeee sees . SAT 76.33 





100.10 99-75 
Ratio of zirconium to sulphur dioxide is 2.2: 1. 

This substance apparently came to a constant weight on dry- 
ing in a steam-bath at 95° C. 

A somewhat peculiar product was obtained during an attempt 
at filtering the precipitated sulphite. It filtered very slowly and 
in the course of a few hours a layer of a watery liquid formed 
above the white sulphite. This was allowed to stand several 
days and turned into a solid jelly. This was noticed several 
times. The thickness of the jelly-like layer would, of course, 
depend upon the amount of moisture in the precipitate but 
several times it was half aninch or moreinthickness. This body 

“was analyzed in the moist condition after simply drying between 
filter-paper. It gave: 


Zirconium dioxide......-.-. 20.02 20.65 


Sulphur dioxide------+-..- ++. tees 5-19 5-51 
Water (blast-lamp).---...-- 9.14 8.53 sees ope 
Water, at 95° C. .----0- «6. 65.65 65.22 





100.00 99.91 
Ratio of zirconium and sulphur dioxide is here 3:1. 

A portion of this jelly was brought to constant weight by heat- 
ing for a number of hours in a steam-bath. About sixty-five 
per cent. of the original weight was lost and the body assumed 
a translucent appearance like dried gelatine. The analysis of 
this gave : 


Zirconium dioxide....--.-.+e0.-- 59.34 Sates 
Sulphur dioxide .........++.+0-. ee 11.46 
Water (blast-lamp) -----+-++-+-+- 29.20 

100.00 


Ratio of zirconium to sulphur dioxide is 4: 1. 

The analysis shows that some of the sulphur dioxide was lost 
on drying. 

It will be seen then that these different preparations show a 
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very varying ratio of the zirconium to the sulphur dioxide and 
in no case approach to the ratio of the neutral sulphite (1: 1.4). 
They are, therefore, to be looked upon as either mixtures of the 
sulphite and hydroxide or very unstable compounds. ‘The jelly- 
like substance mentioned last gives more promise of being a 
chemical individual ; still it has not been thought legitimate to 
attempt the calculation or assignment of a formula to it. 

A last attempt at preparing the neutral sulphite was made by 
placing some of the excess of sulphurous acid, which had been 
standing over the precipitated zirconium sulphite, in a dessic- 
cator and allowing it to evaporate over sulphuric acid. The 
bulk of liquid decreased from about 200 cc. to five to ten cc. and 
then hard, white, warty crystals began to form, which were 
quite difficult to remove from the crystallizing dish. In appear- 
ance they resembled zirconium sulphate. The solution had lost 
the odor of sulphur dioxide. The time consumed in the evap- 
oration was several months. 

The crystals were dried upon filter-paper and yielded, on anal- 
ysis, 

Zirconium..---.-24.47 per cent.: ona dry basis, 36.43. 

Sulphur dioxide 34.54 a Sa eee a) e? 7 2 

Calculated for Zr(SO,),, Zr 36.25; SO, 51.20. These crys- 
tals then seem to be a hydrated sulphite of the composition Zr 
(SO,),.7H,O. 

The nature of the precipitate gotten by means of sodium sul- 
phite was also examined. The sulphite used was fairly pure. 
The zirconium chloride solution was distinctly acid and the 
mixed solution was acid. A transient precipitate was produced 
in the cold on mixing the two. On heating, a good flocculent 
precipitate was formed which settled well and was easily filtered. 
The precipitate looked like the hydroxide, rather than the white 
sulphite already described. The analysis gave: 

Zirconium dioxide........ 5-75 5-75 
Sulphur dioxide.........- tees 1.05 1-004 
Ratio of zirconium and catia Watt is ast. 

Chancel’, in giving a method of separation of iron from zir- 

conium, states that by means of a boiling solution of sodium thio- 


1 Ann. d. Chem. u. Pharm., 108, 237; Watt's Dictionary, 5, 1081, 7877. 
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sulphate the zirconium is precipitated as thiosulphate. Stro- 
meyer’ stated that if a dilute zirconium chloride solution be 
neutralized by sodium carbonate in the cold and sodium thiosul- 
phate added until the solution was decolorized and then boiled 
as long as sulphur dioxide came off, the zirconium would be 
precipitated as oxide (meaning doubtless hydroxide). 

To test these observations a solution of zirconium chloride was 
neutralized by ammonia and an excess of sodium thiosulphate 
was added in crystals. A precipitate began to be formed 
directly. This was washed eight or ten times by decantation, 
filtered, the precipitate dried by absorption paper, and analyzed. 
It gave: 


Zirconium dioxide...... 19.66 20.50 sees 
Sulphur dioxide -....... sees sees 4.03 4.14 
Water (blast-lamp) ----- 16.05 16.41 sees sees 
Water, atg5° C......---- 60.11 58.58 

99.85 99-61 


Percentage of zirconium on a water-free basis is 75. 
Percentage of zirconium calculated in Zr(S,O,), is 21.95. 

A second experiment was carried out with an acid solution of 
zirconium chloride. ‘The sodium thiosulphate crystals were 
added in the cold and when completely dissolved the solution 
was heated to boiling. This precipitate on analysis gave : 


Zirconium dioxide...-..- 21.74 20.73 see. sees 
Sulphur dioxide......... cece ones 5-33 5-41 
Water (blast-lamp)...... 9.72 8.64 eee tee 
Water, at 95° C-.----.-- 63.28 65.37 


100.07. 100.15 
Finally another portion was taken, precipitated with an excess 
of sodium thiosulphate, and boiled until there was no longer any 
odor of sulphur dioxide. This precipitate was analyzed: 


Zirconium dioxide......-. 47.01 47.19 sees sees 
Sulphur dioxide......... aos ae 6.90 6.95 
Water (blast-lamp).....- 21.41 21.14 cece tas 


Water, at 95° C..-.---e- 24.16 24.72 





99.48 100.01 


The low percentage of water here was due to the exposure of 
1 Jbid, 113, 127. 
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the precipitate in a warm room and its consequent partial drying. 
There is no evidence here nor in the previous cases of the forma- 
tionof any definite thiosulphate and we would question its exist- 
ence under ordinary conditions. ‘There is no evidence of the 
formation here of an hydroxide as one of the authors quoted 
states. Basic salts seem to be the only products. 


UNIVERSITY OF NORTH CAROLINA, 
March, 1895. 





ON SOPME CONDITIONS AFFECTING THE ACCURACY OF 
THE DETERIIUNATION OF POTASH AS POTAS- 
SIUM PLATINICHLORIDE. 


By A. L. WINTON, Connecticut Agricultural Experiment Station. 


Received April 2, 1895. 

N the course of some determinations of potash in potassium 
| chloride, made by direct evaporation with platinum solution 
preliminary to a further study of methods, it was observed that 
the potassium platinichloride was more finely divided and the 
results were higher when the solution of the potash salt was con- 
centrated on adding the reagent, than when it was dilute. 

Inorder to ascertain the real connections of the facts observed, 
I then made a series of experiments which were all conducted in 
exactly the same way, except for the kind of dish used, the 
dilution of the solution of potassium chloride on adding the 
platinum solution, the presence or not of added hydrochloric 
acid, the temperature of the water-bath, and the strength of 
alcohol used for washing. ; 

The potassium chloride used was from a lot sent by Dr. H. J. 
Wheeler, Reporter on Potash, for the Association of Official 
Agricultural Chemists. After being finely ground, it contained 
0.45 per cent. of moisture, which was determined by heating 
below a red heat over a lamp until constant weight was secured. 
In each case, approximately one-half gram was weighed out 
from a weighing bottle. After solution in water and adding 
platinum solution, the mixture was evaporated to a pasty con- 
dition, and about twenty-five cc. of ‘alcohol were added and 
allowed to stand on the potassium platinichloride for one hour 


with repeated stirring. The precipitates were then collected in 
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Gooch crucibles, washed with about 100 cc. of alcohol, and dried 
to constant weight, first at 100° C. and finally at 130°C. The 
results calculated to potassium chloride by the use of the factor 
0.3056 and expressed in per cents. of the quantity taken, are 
given in Table I. 

It will be seen from the table that neither the kind of dish 
used, nor the temperature of the solution of potassium chloride 
on adding the platinum solution, nor the presence of a large 
excess of hydrochloric acid, during evaporation, nor the temper- 
ature of evaporation, had any perceptible influence on the results. 

These points, therefore, need not be further considered. In 
most of the experiments ninety-five per cent. alcohol was used 
in order to diminish the solubility of the potassium platinichlo- 
ride. In experiments Nos. 9, 10, 29, and 30, however, the 
alcohol was eighty per cent., and the results are, for this reason, 
somewhat lower. 

The Liffect of Dilution of the Solution when Potassium Chloride 
with no Admixture is used.—The principal point brought out by 
the experiments is the effect of the dilution of the potassium 
chloride solution when chloroplatinic acid is added, on the char- 
acter of the potassium platinichloride, and the results. 

If the potassium chloride were dissolved in fifty cc. of water, 
the potassium platinichloride was either not precipitated at all 
on addition of the platinum solution, or else went into solution 
when the liquid became heated, and was then deposited slowly 
on evaporation. 

The potassium platinichloride thus obtained was invariably 
in brilliant, orange-colored granular crystals, which were often 
united to form plates from one to five mm. across. Constant 
weight was secured after drying the double salt for three hours 
at 100° C., the results of several determinations being con- 
cordant and slightly below theory. The loss on further drying 
at 130° was very small. 

But if, on the other hand, ten cc. or less of water were used 
to dissolve the potassium chloride, a considerable portion of 
the potassium platinichloride precipitated as a fine powder im- 
mediately on adding the reagent, the remainder being deposited 
on evaporation. After treating with alcohol and filtering, 











TABLE I. 
DETERMINATIONS OF POTASSIUM CHLORIDE UNDER VARIOUS CONDITIONS. 
(Weight K,PtCl, X 0.3056 = weight KCl.) 
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the salt presented the appearance of a fine, yellow powder, 
with generally an occasional granular crystal. Constant weight 
at 100° was only secured after heating from nine to fifteen 
hours, the results, although not always concordant, being in 
every case considerably above theory. Heating for;many hours 
at 130° C. further reduced the results, although even after this 
treatment they were still slightly above theory. 

The difference in the results obtained in dilute and concen- 
trated solutions, is brought out strikingly by the averages given 
in the following table : 

TABLE II. 


AVERAGES OF RESULTS OBTAINED IN DILUTE AND CONCENTRATED SOLU- 
TIONS OF POTASSIUM CHLORIDE. 
Per cent. KCl found. 





Dilution of the Vol. Average of 

solution on per cent. results of KoPtCl, KoPtCl, 
adding of expts. dried at dried at 
HePtCl,. alcohol. Nos. — 100° C. 130° C. 

50 ce. 95 Ito 9 99.84 99.82 

10 cc. or less 95 1929 100.38 100.17 

50 cc. 80 g and 10 99-77 99.69 

meee 80 a5" 36 100.20 99.98 


The average of eight closely agreeing results, using fifty cc. 
of water and ninety-five per cent. alcohol and drying at 100° C. 
is 99.84 per cent. potassium chloride. After drying at 130°C. 
the average is only 0.02 per cent. lower. But where the condi- 
tions were the same, except that only ten cc. or less of water 
were used to dissolve the potassium chloride, the average of ten 
results is 100.38 per cent. potassium chloride, after drying at 
100° C.,and 100.17 per cent. or 0.21 per cent. lower, after drying 
at 130° C. The results after drying at 100° C. and 130° C.'are, 
on an average, 0.16 and 0.18 per cent. respectively below theory, 
whereas in concentrated solutions they are 0.38 and 0.17 per cent. 
respectively, above theory. 

The results, using eighty per cent. alcohol, although all 
rather lower, show similar differences. 

In the cases where the potassium chloride was dissolved in 
twenty-five cc. of water the results generally agree with those 
where fifty cc. of liquid was present, although not always. 

In Table III are given the per cents. of potassium chloride 
corresponding to the average losses in weight of the potassium 























































POTASH AS POTASSIUM PLATINICHLORIDE. 457 


platinichloride during successive periods at 100° and 130° C., 
in the case of ten determinations using fifty cc. of water and of 
twelve using ten cc. or less of water. 


TABLE III. 

SHOWING THE AVERAGE RATE OF DRYING OF POTASSIUM PLATINI- 
CHLORIDE OBTAINED FROM DILUTE AND CONCENTRATED 
SOLUTIONS. 

( The first heating of three hours at 100° C. ts not considered.) 


Per cent. of KCl corresponding to 
loss in weight of K,PtCl,. 





— 


Concentrated 








Dilute solutions. solutions. 
K,PtCl, Average of expts. Average of expts. 
heated at Nos. 1 to 11. Nos. 19 to 31. 
100° C. 3 Hours.-----eeeeee 0.019 0.062 
% © Kasevcccccce (OCR 0.036 
ay SE ecase eeeees 0.003 0.022 
a EB ece eceees 0,000 0.003 
OR isa cebnnbamaee 0.025 0.123 
130 C. 7 hours..-.+-eeeeee 0.025 0.088 
Bi Hd cdcice come: (Geel 0.058 
ee «+++ 0.000 0.035 
7 MN Pepe Tr 0-000 0.020 
ge SS screce cones «- 0.000 0.010 
y + 0.000 0.003 
Waka is da< Veena weenie 0.031 0.214 
100° and 130° total-..-..-. 0.056 0.337 


The Effect of the Dilution of the Solution when Potassium Chlo- 
vide with other Salts and Sulphuric Acid is used.—Following a 
method, such as the so-called alternate method of the Associa- 
tion of Official Agricultural Chemists, the solution to which 
platinum solution is added, should contain only sodium and 
potassium chlorides, having been previously freed from other 
matters. 

In experiments Nos. 33 and 34, in Table IV, the solution 
contains about one part of potassium chloride to one and one- 
half parts sodium chloride, which is the ratio of these salts in 
kainite, the richest in soda of the commercial potash manure 
salts. In experiments Nos. 35 and 36, the ratio of the two 
salts, is approximately as one to one-half. 
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In analyses by the Lindo-Gladding method, however, part or 
all of the potash may exist as sulphate in the solution to which 
platinum solutionis added and sodium and magnesium sulphates 
and chlorides may also be present. 

In experiments Nos. 37 and 38 about the same proportions of 
magnesium sulphate as would be present in kainite were added, 
and in experiments Nos. 39 and 40 two parts of sulphuric acid 
were added to one part of potassium chloride. 

In all these experiments platinum dishes were used, no 
hydrochloric acid was added, the platinum solution was added 
to the hot solution of the salts, the evaporation was carried on 
over boiling water-baths, and eighty per cent. alcohol was used 
for washing. ‘The quantities of potassium chloride taken varied 
from 0.24 to 0.50 gram. In the case of experiments Nos. 
37 and 38, where magnesium sulphate was present, the potassium | 
platinichloride, after being collected on Gooch crucibles, was 
washed with 150 cc. of Gladding’s reagent,’ and then with 
eighty per cent. alcohol. 

The double salt was, in each case, not only dried at 100° and 
130°, but also at 160° C. In other respects the work was con- 
ducted as described for previous experiments. Results are 
given in Table IV. 

In these experiments the dilution of the solution had the same 
effect on the form of the potassium platinichloride, the rate of 
drying, and the results obtained as in those previously made on 
potassium chloride alone. 

The granular crystals obtained from dilute solutions after dry- 
ing for two hours at 100° did not lose more than 0.06 per cent. 
during subsequent heating of many hours at 100°, 130°, and 160° 
C., the pulverulent form precipitated in concentrated solutions, 
however, continued to lose in weight during successive periods 
of heating, the total loss being in no case less than 0.50 per cent. 
Determined in the presence of the same weight of the same 
kind of impurity the per cents. of potassium chloride calculated 
from the weight of potassium platinichloride dried at 100° C. are 
considerably higher when the solution was concentrated than 


1A solution of one part of ammonium chloride in five parts of water which has been 
saturated in the cold with potassium platinichloride. 
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M CHLORIDE IN DILUTE AND CONCENTRATED SOLUTIONS IN THE 
PRESENCE OF OTHER SALTS AND SULPHURIC ACID. 

( The figures show the quantity of potassium chloride obtained, expressed in per cents. ¢ 
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when it was dilute, but calculated from the weights after drying 
at 160° C. they are about the same. 

Experiments Nos. 39 and 40 are practically equivalent to 
determinations on potassium sulphate with the addition of hydro- 
chloric and sulphuric acids, the amount of the latter acid being 
about double that necessary to combine with the potassium to 
form the sulphate. Since in these experiments the results were 
practically the same as when no sulphuric acid was added, it is 
reasonable to assume that the effect of the dilution of the solu- 
tion is the same whether the potash exists as chloride or sul- 
phate. 

In both dilute and concentrated soluticns the results ob- 
tained in the presence of sodium chloride or magnesium sulphate, 
were lower than when determinations were made on potassium 
chloride with no admixture, or with only sulphuric acid. 

In the presence of sodium chloride this was due partly, if not 
entirely, to the smaller quantity of potassium chloride taken. 
Since about the same amount of alcohol was used in all cases, 
the percentage error due to solubility of potassium platinichlo- 
ride in alcohol would be greater, the smaller the quantity of the 
salt taken, although the actual weight lost might be the same. 

In the two experiments where magnesium sulphate was pres- 
ent, the washing with Gladding’s reagent and the second wash- 
ing with alcohol undoubtedly increased the minus errors. Pos- 
sibly the mere presence of sodium and magnesium salts depresses 
the results. The fact that the results are lower does not impair 
their value for the present purpose, as in each case the experi- 
ments with the same admixture were both made on nearly the 
same weight of potassium chloride and in exactly the same 
manner, except as regards the dilution of the solution. 

Results of Fresentus.—R. Fresenius' in an article published in 
1877 describing his method for determining potash as potassium 
platinichloride, directs to add platinum solution to a concen- 
trated solution of the potash salt, wash with eighty per cent. (by 
volume) alcohol, and dry the potassium platinichloride to con- 
stant weight at 730° C. 

Ina later article*® he gives the following results obtained by this 


1 Ztschr. anal. Chem., 16, 63. 
2 Zischr. anal. Chem., 21, 238. 
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method on pure potassium chloride, with and without the addi- 
tion of sodium chloride, using the factor 0.3056. He states that 
the potassium platinichloride was obtained in the form of a /jine 
powder. 
TABLE V. 
RESULTS OF R. FRESENIUS ON POTASSIUM CHLORIDE WITH AND WITHOUT 
ADDITION OF SODIUM CHLORIDE. 

(The figures show the quantity of Potassium Chloride obtained, expressed 
in per cents. of the quantity taken. Wt.K,PtCl, X 0.3056 = weight. KC.) 


0.9490 gram 0.6812 gram 
Hours Hours KCl and KCl and 
dried at 1.0378 gram 0.9563 gram dried at 0.1189 gram 0.4524 gram 
130°, KCI taken. KCl taken. 130°. NaCl taken. NaCl taken. 
2 100.67 100.42 5 100.19 100.13 
7 100.40 100.16 8 100.11 100.06 
12 100.23 100.04 II 100.04 99.98 
21 100.19 100.00 14 100.02 99-97 
30 100.10 99-93 20 100.00 99.94 


The results of Fresenius without addition of sodium chloride 
are corroborated by my results in experiments Nos. 29 and 30in 
Table I, and No. 32 in Table IV. In experiments Nos. 19 to 
29, Table I, the results are a little higher, due to the lesser solu- 
bility of potassium platinichloride in ninety-five per cent. alco- 
hol. The results given in Table IV, where sodium chloride was 
present, are somewhat lower than those of Fresenius, owing 
probably to the smaller weights of potassium chloride taken. If 
the factor, based on the latter and now generally accepted atomic 
weight of platinum as determined by Seubert, had been used, 
the results would be 0.42 per cent. higher. 

There must be then some considerable plus error which more 
than compensates for the errors due to the solubility of the salt in 
alcohol and the use of the wrong atomic weight of platinum. 
This error is largely attributable to the presence of water in the 
potassium platinichloride. , 

Seubert’ finds that it is difficult to so prepare this salt that it 
will be free from ‘‘ verknisterungs wasser,’’ which is not com- 
pletely removed even at 160°C. The slow drying of the pulver- 
ulent potassium platinichloride at 100° C., and the further loss 
in weight after subsequent drying at 130°C. is in harmony with 
Seubert’s experience. The results after drying for many hours 


1Ann. Chem., 207, I. 
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at 130° C. are very close to theory, where eighty per cent. alco- 
hol was used, notwithstanding the solubility of the salt, and are 1 
higher if the alcohol were ninety-five per cent. 

Microscopic Examination of the Potassium FPlatinichloride.—It 
has been already stated that the potassium platinic salt, when 
deposited on evaporation of dilute solutions, was coarsely crys- 
talline, while obtained from concentrated solutions, it was finely 
pulverulent. Examined under the microscope, the difference 
was even more striking. The coarse form was found to consist 
of octahedrons, generally attached to one another, forming thin 
plates, and corresponded to the descriptions usually given in the 
books, but when the salt was pulverulent, it consisted largely of 
curious radiating crystals, a characteristic form consisting of 
three bars intersecting at right anglesto each other. Resting on 
three of the six arms, they presented at first sight, the appear- 
ance of stars with six arms in the same place, but by careful 
focussing, their true form was revealed. 

Prof. S. L. Penfield, of Yale University, has very kindly 
examined my precipitates, and reports as follows : 

Both forms of crystals belong to the isometric system. ‘The 
coarse crystals being deposited slowly, are normal octahedrons ; 
the pulverulent crystals, however, owing to their rapid forma- 
tion, are very much distorted being developed into rods, crossing 
at go’, parallel to the direction of the isometric axes. 

In both the octahedrons and the interpenetrating rods, there 
were globular cavities which, before drying, were undoubtedly 
filled with mother-liquor. Only an occasional cavity could be 
seen in the octahedrons, but in the rods they were very abundant. 

Even after the long continued heating at 130° C. ocular proof 
was secured that the octahedrons were not entirely dry. Patient 
search revealed the presence of minute cavities from 0.003 to 
0.01 mm. across, which were still partially filled with liquid. 
On inclining the stage about 45° and revolving it about its cen- 
ter, a bubble could be seen to move from one side to the other 
exactly as the bubble moves in a spirit level. 

The facts disclosed by Prof. Penfield’s examination, explain 
the slow drying in my experiments. The octahedrons, being 
comparatively free from inclosed liquid, did not lose greatly in 
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weight on heating; theinterpenetrating rods, however, contained 
avery considerable amount of inclosed liquid, part of which was 
slowly given off on heating at 100°, more at 130°, and still more 
at 160°C. 

The quantity of liquid enclosed in the octahedrons could not 
have been considerable, but it shows the persistence with which 
water, once enclosed, is retained. 

Conclusions.—T he method of precipitating in concentrated solu- 
tions, and drying the potassium platinichloride at 130° depends, 
for its accuracy, on the compensation of three errors, due (1) to 
the solubility of the potassium platinic salt in eighty per cent. 
alcohol, (2) to the presence of water in the crystals which is not 
driven off at 130°, and (3) to the use of a factor based on the 
wrong atomic weight of platinum. Such a method is certainly 
open to criticism. The solubility in alcohol occasions an error 
that can hardly beavoided. It could be diminished by using nine- 
ty-five per cent. alcohol, but further experiments would be neces- 
sary in order to ascertain whether for other reasons the stronger 
alcohol could be advantageously substituted for the weaker. 

The results given herewith show that the error occasioned by the 
presence of water can be greatly reduced and the process of drying 
simplified, by adding the platinum solution to a dilute solution of the 
potash salt (one part of potassium chloride or six-tenths part potas- 
stum oxide to roo cc. of water) and drying the potassium platini- 
chloride at roo’ C. It is not claimed that the double salt thus ob- 
tained is perfectly dry, but it is necessary to heat the pulveru- 
lent form for many hours at 160° C. in order to secure it as free 
from water as the granular crystals obtained by the above sim- 
ple process. 

The liquid enclosed in the crystals, although largely water, 
must contain also solid matters, which remain behind, however 
complete may be the drying. It must then follow that the less 
liquid inclosed at the outset, the smaller the error due to this 
cause after drying. 

With such a simple method at our disposal for. obtaining the 
potassium platinic salt comparatively free from moisture, the 
necessity for using an erroneous factor at once ‘disappears. 

The factors based on the atomic weights as revised by F. W. 
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Clarke’, up to January 1, 1894, would be 0.30688 for potassium ) 
chloride, and 0.1939 for potassium oxide. These factors would 
make all the foregoing results 0.42 per cent. higher in potassium 
chloride, which is equivalent to 0.26 per cent. higher in potas- 
sium oxide. 

In Table VI are given comparative results by the old and new 
factors, in the cases of all the preceding experiments in which 
one part of potassium chloride was dissolved in approximately 
100 parts of water, and the potassium platinichloride was washed 
with eighty per cent. alcohol and dried two or three hours at 
100° C, 

TABLE VI. 

COMPARISON OF RESULTS OBTAINED BY THE FACTORS 0.3056 AND 0.30688 
FOR CALCULATING POTASSIUM CHLORIDE FROM POTASSIUM 
PLATINICHLORIDE. 

(Chloroplatinic Acid added to Dilute Solutions of Potassium Chloride, 
Potassium Platinichloride washed with eighty per cent. Alcohol 
and dried two to three hours at 1oo° C.) 


Per cent. KCI found 
using factor. 





Expt. = settler enmeacten ae 
No. Material taken. 0.3056 0.30688 
g 0.4500 gram ie iG. ci viel do we WisreNaw,s ae one 99-77 100.19 
IO 0.5005 gram KCl. .-.ee cece cece cece eee e cence 99.76 100.18 
31 0.5331 gram KC1....ee ceeeee cee eee cece recess 99.71 100.13 
33 0.2416 gram KCl and 0.4 gram NaCl ......-- 99.30 99-72 
35 0.3768 gram KCl and 0.2 gram NaCl..--..--- 99-57 99.99 
37 0.4764 gram KCl and 0.6 gram MgSQ,..---- 99.26 99.68 ° 
39 0.4734 gram KCl and 1.0 gram H,SQ,------ - 99.73 109.15 


It will be seen that when potassium chloride, either alone, or 
mixed with sulphuric acid was taken, the results using the factor 
0.30688 are 0.13 to 0.19 per cent. above theory. This would 
indicate either that the water remaining in the double salt after 
drying for two or three hours at roo’ C. a little more than com- 
pensated for the solubility in alcohol, or else that there are other 
slight plus errors. 

When, however, other salts are present, and particularly if 


1U.S. Dept. Agr., Chem. Div., Bull. 43, p. 340. 


Potassium = 39.11. 
Platinum = 195.00. 
Oxygen = 16.00 


Chlorine = 35.45. 
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the Gladding method were followed, the tendency is toward lower 
Y) results. 

Taken asa whole the new factor gave, in these instances, more 
satisfactory results than the old factor. 

A method which so reduces the error due to inclosed water in 
the double salt, that it about compensates for the solubility in 
alcohol, and which employs the factor based on the revised 
atomic weights, is, in my opinion, to be preferred to one which 
depends, for the accuracy of results, on the compensation of three 
errors, one of which is due to the use of a factor known to be 
incorrect, especially when the former method gives more con- 
cordant results and is more readily carried out. 

Summary.—When chloroplatinic acid was added to a concen- 
trated solution of potassium chloride, a large part of the potas- 
sium platinichloride formed was precipitated at once in a pul- 
verulent form, the remainder being deposited on evaporation. 
After treating with alcohol, filtering, and drying, the double salt 
was ina fine powder which, examined under the microscope, 
was found to consist largely of radiating crystals, a characteristic 
form having six arms, formed by the intersection at right angles 
of three bars. Numerous globular cavities in the crystals gave 
evidence that during their rapid formation mother-liquor was 
enclosed. Owing to this enclosed liquid the double salt dried 
slowly at 100°, lost further in weight after heating subsequently 
for many hours at 130°, and further still at 160°C. The loss at 
these temperatures compared with the weight after drying three 
hours at 100°, was equivalent to about six-tenths per cent. potas- 
sium chloride. 

When, however, the solution of the potash salt was so dilute 
that no precipitate was formed on adding the reagent, the potas- 
sium platinic salt being deposited on evaporation, the latter was 
obtained in octahedrons, generally attached to one another form- 
ing crystalline plates. These octahedrons were comparatively 
free from cavities, and practically the same results were secured 
after drying three hours at 100°, as after drying for many hours 
at 130° and 160° C, 

Somewhat lower results were obtained inthe presence of sodium 
chloride and magnesium sulphate, whatever the dilution of the 
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solution, but in other respects the above statements will hold 
true. 

The kind of dish used, the temperature of the evaporation, 
the presence of free hydrochloric acid and free sulphuric acid, did 
not appear to influence the results. 

A method based on the evaporation of dilute solutions, drying 
the potassium platinichloride at 100°, and the use of the factors 
0.30688 for potassium chloride and 0.1939 for potassium oxide, 
gave good results and is believed to be more satisfactory for sci- 
entific and practical reasons, than the method of Fresenius, in 
which the platinum solution is added to concentrated solutions, 
the double salt is dried many hours at 130° C. and the factors 
0.3056 and 0.19308 are used. 


THE INDIRECT ANALYSIS OF MIXTURES CONTAINING 
A COPPON CONSTITUENT. 


By EDWARD K. LANDIS. 


Received March 15, 1895. 
FIRST METHOD. 
ALCULATION of mixtures containing a common constit- 
uent. 

Data given: 
Weight of mixture. 
Weight of common constituent in mixture. 
Let += one salt. 
Let v= the other. 
Let a=amount of common constituent in one part of x. 
Let 6= amount of common constituent in one part of y. 





Let z= weight of mixture. 
Let O= weight of common constituent in mixture. 


To find values of x and y; 
x+y =2. 

ax+by= QO. 

a(z—y)+ dby= 0. 
az—ay + by= Q. 

by —ay= O—az. 

y= _ ee and *«=2—y. 


sf b—a 
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SECOND METHOD. 

Same data. Calculate the weight of salt of greatest molecular 
weight if entire amount of common constituent were combined 
with it. Subtract from this the weight of the mixture. This 
difference is proportional to the amount of salt of least molecular 
weight contained in the mixture. Therefore, form the propor- 
tion 

ae: =reh)... (ener eae ; ( Difference ) 

heaviest lightest found above 
_(Molecular weight\, 
' ( lightest ) ee 
+= amount of salt of least molecular weight contained in the 
mixture. 
INDIRECT ANALYSIS. 

Example. Method No. 1.—A sample of NaHCO,, containing 
Na,CO,, gave 97.21 per cent. of the mixed carbonates, and 50.98 
per cent of CO,. 

NaHCO, = 0.5238095 COQ,. 

Na,CO, = 0.4150943 CO,. 

Let «= per cent. NaHCo,,. 

Let y= per cent. Na,COQ,. 

Then a=o. 5238095. 

5=0.4150943. 


2—97.7! 
O= 50.98 
et y=097.71 


.5238095 © + 0.4150943_V = 50.98. 
_— 8095 (97-71 —V) + 0.4150943_V = 50.98. 
1814 —0.5238095._ yto. 4150943 v= 50.98. 
0.1087152 y= 0.2014. 
y=1.85254= per cent. Na,CO.. 
x = 95.85746= per cent. NaHCO,,. 
Proof: 
54 X 0.4150943—= 0.76897 
46 X 0.52: eadeks 0.21104 


52 
J7 


i. 
95.8 


50.98001 
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Example. Method No. 2.—Same data as before. 


Molecular Molecular Amount 
weight. weight. NaHCQ3. 
CO,: per cent. CO, found = NaHCO, : x. 

44: 50.98 = 84 :97.3255. 


97-71 —97-3255 = 0.3845. 
ec “aa oe aga 7 aad . aed 
Na,CO, NaHCO, found 
ble ‘mee — : i- cent. mas) 
i Na,CO, : x 
22:40.3845 = 100 -:“1.352: 
Na,CO, = 1.852 per cent. 
NaHCO, =—95.858 per cent. 
Proof: 
1.852 K 0.4150943— 0.76875 
95-858 X 0.5238095 = 50.21133 


50.98008 


ACCURACY OF THE DYEING TEST. 
By CHARLES S. BOYER. 


Received April 8, 1895. 
HE accuracy and value of the laboratory dyeing test 
of the natural organic dyestuffs, such as logwood, etc., 
is a much mooted question among those engaged in the dye- 
stuff trade. Some hold that the dyeing test is only of value 
where the dyestuff is to be used in exactly the same man- 
ner as the laboratory test, and since about every dyer has his 
own modifications of the general method of dyeing with the dye- 
stuff the test is useless except for special cases. Still others hold 
that the dyeing test never gives the actual value of the dyestuff. 
To ascertain the accuracy of the dyeing test the writer made 
a series of comparative dyeing tests, and also analyzed the dye- 
stuffs according to the best methods of analytical chemistry now 
known. For these tests several samples of logwood and extract 
of sumac were used. 
Logwood.—Fifty grams each of two different samples of thor- 
oughly dried chipped ‘‘St. Marc’’ logwood were repeatedly 
extracted with water and the weak liquor evaporated to one 
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liter, care being taken to remove all insoluble matter from the 
solution. A number of skeins of worsted yarn, of five grams 
each, were mordanted in separate baths containing 0.150 gram 
potassium bichromate and 0.075 gram potassium tartrate in 500 
cc. water. ‘Two of these skeins were dyed respectively in baths 
containing thirty-five cc. of each extract, when it was found that 
sample No. 1 was considerably stronger than No. 2. Dyeing 
tests were now made, using varying amounts of No. 2 and thirty- 
five cc. of No. 1, with the result that thirty-five cc. of the latter 
were equal to forty-five cc. of No. 2, from which we find that 
100 parts No. 1 equal, in tinctorial value, 128.5 parts No. 2. 
One hundred cc. of each extract solution were now filtered 
through thoroughly washed hide powder, as described by L. 
Schreiner (Chem. Ztg., 7890, 961), and the filtrate evaporated 
to dryness and dried at 100°C. until constant weight is obtained. 
One hundred cc. of each of the original solutions were also evapo- 
rated to dryness and dried at 100° C., the difference in the 
weights being the coloring matter removed. ‘The results were: 


No. I. No. 2. 
Gram. Gram. 
Weight of residue from 100 cc. of the 
original solution after evaporating 0.6110 0.4714 
tO CFYMESS --.eeeeecccecccccccccces 
Weight of the dry residue from toocc. 
of the original solution after being 0.0368 0.0313 
filtered through hide powder....-- 
Weight of coloring matter............. 0.5742 0.4401 


from which we find that 100 parts No. 1 equal, in tinctorial 
value, 130.4 parts No. 2. 

Another experiment was made to ascertain the accuracy of the 
Schreiner method, using a sample of hematein which had been 
made by the writer from chipped logwood. 

Five grams of this pure, powdered, and dried hematein were 
dissolved in one liter of water and 100 cc. of the solution run 
through hide powder, and the filtrate evaporated to dryness. 
Results : 

(1) Hide powder removed from 100 cc. of original solution, 
0.4989 gram. ‘Theory, 0.5000 gram. 

(2) Hide powder removed from 100 cc. of original solution, 
0.4991 gram. Theory, 0.5000 gram. 
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This shows that hide powder will remove practically all of the 
coloring matter of logwood. 

It may be well to mention just here, that while the Schreiner 
method is accurate when working on pure extracts and chipped 
woods, it is absolutely worthless so far as giving the percentage 
of hematein and hematoxylon in extracts adulterated with 
quercitron bark, tannin-containing compounds, etc. 

The hide powder treatment extracted 0.965 gram of matter 
from 100 cc. of a fifty per cent. hematein and fifty per cent. 
tannin solution, while theory required but 0.500 gram of hema- 
tein. 

Trintble’s volumetric method of the color reaction given by 
two samples, when treated with copper sulphate, gave a dilution 
of roo ce. for No. 2 to 127 cc. for No. 1, which indicates that 
100 parts No. 1 are equal to 127 parts No. 2. 

The above results show that a dyeing test, when applied to 
chipped logwoods and unadulterated extracts of logwood, yield 
results that will compare favorably with most of the methods used 
in analytical chemistry. 

Extract of Sumac.—A series of dyeing tests were also made 
upon six samples of extract of sumac which came to me in the 
ordinary course of business. 

The dyeing tests were made as follows: one and a half grams of 
each extract were diluted with water to 500cc., and thena five gram 
skein of ‘‘boiled out’’ cotton yarn was ‘‘laid down’’ in each 
bath over night. The temperature of the baths during the night 
was the ordinary room temperature. The next morning each 
skein was taken out of the bath and all wrung out as nearly 
alike as possible. Baths, equal in number to that of the skeins, 
were made containing two and one-fourth granis of ferrous sul- 
phate to 500 cc. of water, and the skeins ‘‘entered’’ cold and 
turned for thirty minutes when the solutions were brought to a 
boil in a water-bath and held there one hour. The skeins are 
now taken out, rinsed, and dried. After several trials, varying 
the amount of extract in each bath, it was found that the fol- 
lowing amounts gave shades which were of the same depth 
and intensity : 
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Sample No. 1657 «-+--eee sees eeeeee 2.01I grams or 134 parts. 
66 SO: SGIRE-cu-6 So 36a eek ae ae 1.830 ¥s “* 392 ™ 
sie $§ FOB] -ccccc cee: cvcccces 1.575 ¢ ** 105 66 
ee §€ 1663 eee cere ceceee ees 1.800 vi “we < 
- §© 1665 «2c cece ee cece cece 2.200 #¢ ae 146.7 €¢ 
= = FOOD cece cece ceeewsicc cs 1.500 * “* 500 ate 


This shows that 100 pounds of No. 1666 will dothe same work 
as 134 pounds of No. 1657, or 146.7 pounds of No. 1665, etc. 

Now of each extract four to eight grams were weighed out and 
dissolved in one liter of water, and the tannin determined in them 
by the hide powder method as described in Allen’s Commercial 
Organic Analysis, 3, Part 1, 119. ‘The results are as follows: 


© 
Specific Total Non- Relative value 
No. gravity. solids. Tannin. tannin. in parts. 
Per cent. Per cent. Per cent. 
1657 ++ eeeeee -2445 45-91 18.50 27.41 136.1 
1661+.-+--6- 2741 49.51 20.99 28.52 119.9 
T1662. 0cc cece 1.2849 51.32 23.48 27.84 107.2 
1663--++ +06 1.2648 49.11 21.03 28.08 119.7 
1665++++ eee 1.2738 49.14 17.30 31.84 145-5 
T666..--++0. .2438 45-27 25.18 20.09 100.0 


A comparison of these results with those obtained upon the 
same samples by means of the dyeing test shows a very close 
and favorable agreement. 

While the hide powder method is not all that could be desired 
in the line of accuracy, yet, in the present knowledge of the chem- 
istry of the tannins, it is the best method we have for the valua- 
tion of such extracts as are used on account of their tannin con- 
tents. [his method also yields results which are much nearer 
the practical value, and can, in all fairness, be used as the stand- 
ard in the valuation of extracts by the dyeing test. 

The results of the above investigation are: First, the dyeing 
test yields results which compare favorably in accuracy with the 
best methods of analytical chemistry. Second, that the results 
of the dyeing test have a practical value. 

Another feature of the dyeing test applied to the natural 
organic dyestuffs is, that it will frequently show not only any 
admixture with other dyestuffs, but also give an indication of 
the method employed in their manufacture. Suppose, for 
example, one of the extracts of sumac had been adulterated with 
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extract of quercitron bark. Such an addition would have been 
indicated by the modification of the shade given with ferrous 
sulphate. Again, had the extract of logwood been oxidized 
with hydrogen peroxide, etc., the color would have been taken 
up by the wool fiber much quicker and the deep blue shade 
would have developed much sooner than with an extract not so 
oxidized. 


CAMDEN, N. J., April, 6, 1895. 





ABSORBENT BLOCKS.’ 
By PETER T. AUSTEN AND W. HOMER BROADHURST. 
Received April 16, 1895. s 


OR drying moist precipitates unglazed plates are generally 

used in the laboratory, but they have the disadvantages of 

being rather expensive, as well as fragile, while their absorptive 
capacity is not great. 

We have found that a mixture of equal parts of infusorial earth 
and plaster of Paris, when moistened, will set, forming a block 
that after drying has a very strong absorbent power for liquids. 
The plaster and infusorial earth are thoroughly mixed, then 
moistened with sufficient water to work easily, and placed in the 
molds. After setting, the blocks are placed in an air-chamber 
and heated for a day or two at 100°-120° to free them from hygro- 
scopic moisture. 

The molds are easily made in the following way: A sheet of 
glass, the larger the better, is laid on a table, and rubbed with 
waste oiled with a few drops of light lubricating oil. Long glass 
strips, an inch wide, and one-quarter of an inch or more thick, 
are laid on edge on the plate at a distance apart of six inches, if 
the block is intended to be of that size, and cross-pieces of the 
same kind of glass strips, but cut in suitable lengths, are placed 
between the long parallel strips, thus making squares. The 
strips should also be oiled a little. The wet mixture is poured 
in and the top smoothed with a straight edge of wood. After 
setting, the strips of glass are easily removed and the blocks 
come off the plate easily, and are ready to be placed in the dry- 
ing oven. The surface next to the glass plate is very smooth. 


1Read before the N. Y. Section, March 8, 1895. 
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These blocks are very convenient in qualitative analysis, and 
in the preparation of substances. The filter-paper containing 
the wet precipitate, or substance to be dried, is placed on the 
smooth side of the block, and after a short time much of its mois- 
ture is absorbed. One or more filter-papers may be placed be- 
tween the substance and the block if too intimate contact of the 
substance and the block be not desired. 


CHEMICAL LABORATORY OF THE BROOKLYN 
POLYTECHNIC INSTITUTE. 


THE VOLUSETRIC DETERMINATION OF ZINC AND 
A NEW INDICATOR FOR FERROCYANIDE.' 


By GEORGE C. STONE. 


Received March r1, 1895. 

EFORE titrating with ferrocyanide it is necessary to sepa- 
rate all the metals of the iron group. Rapid and accu- 
rate methods are known for all but manganese ; the methods 
commonly used in gravimetric analysis take too long; and I 
have been unable to get even passably accurate results on the 
New Jersey ores by the method of Messrs. von Schultz and Low,’ 
or the modification of it proposed by Mr. Hinman.’ Not finding 
any satisfactory method of separation I have tried titrating the 
two together, determining the manganese in a separate portion, 
by titration with permanganate, and taking the zinc by differ- 
ence, and find the method easy, rapid, and sufficiently accurate 

for technical work. 

/ndicators.—Uranium salts are generally used as indicators for 
ferrocyanide and are fairly satisfactory when titrating zinc alone, 
though the sensitiveness of the test varies very much with the 
amount of free acid present. In titrating manganese, uranium 
cannot be used in the usual manner because it reacts on the pre- 
cipitated manganese ferrocyanide; good results can be obtained 
by its use by putting drops of the solutions to be tested, on filter- 
paper and allowing them to run together so that the uranium 
does not touch the precipitate ; the reaction develops very slowly 
making the titration very tedious. Ferric chloride, another 


1 Read before the N. Y. Section, March 9, 1895. 
2 Colorado Scientific Society, June 11, 1892; J. Anal. Appl. Chem., 6, 682. 
8S. of M. 2, 14, No.1; /. Anal. Appl. Chem., 6, 682. 
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commonly used indicator, proved entirely unsuitable. Copper 
sulphate was found to be about as delicate as uranium, but open 
to the same objections. Cobalt nitrate was by far the best indi- 
cator tried; the delicacy of the reaction is not affected by as 
much as one part of concentrated hydrochloric acid in fourteen 
of water; the reaction shows instantly and cobalt does not react 
on the precipitates. The cobalt solution should be quite dilute ; 
a drop of it is placed on a white porcelain plate, and a drop of 
the solution to be tested by it, so that the drops touch but do not 
mix; an immediately shown faint greenish line, at the junction 
of the two, marks the end reaction. If the drops mix it is 
impossible to see the reaction; if the color does not show at 
once the end is not reached. Often when near the end the color 
will show after standing a few seconds, but at the actual end- 
point it shows as soon as the drops touch. 

Manganese must be titrated at the ordinary temperature of the 
laboratory ; at higher temperatures the amount of ferrocyanide 
used varies with the temperature. The composition of the pre- 
cipitate is not normal, but is Mn,Cfy,; that is, an amount of 
ferrocyanide that will precipitate four atoms of zine will only 
precipitate three of manganese. 

Ferrocyanide Solution.—The best strength was found to be 
about thirty grams to the liter. It is standardized by titrating 
solutions containing known amounts of zinc or manganese, 
using about one-tenth gram, making slightly acid with hydro- 
chloric acid and keeping the solution at about the volume used 
in the analysis. 

The amount of ferrocyanide necessary to give a reaction with 
cobalt in this volume of acidulated water must be determined, 
and the amount so found deducted for each titration; it is about 
seven-tenths cc. for a volume of 140 cc. 

Permanganate Solution.—1.99 grams of crystallized potassium 
permanganate to the liter gives a solution, one cc. of which 
equals 0.001 gram of manganese. It is standardized in the 
usual manner by iron, and the strength obtained by multiplying 
the iron value by 0.294646 (ten iron equals three manganese). 

Sulphide ores are best dissolved in hydrochloric acid and 
potassium chlorate, taking care to have sufficient acid present to 
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keep all the manganese in solution. Oxides, carbonates, and 
silicates can be dissolved in hydrochloric acid and oxidized by 
boiling with potassium chlorate. Ores containing franklinite or 
rhodonite must be fused with sodium carbonate and evaporated 
to dryness with hydrochloric acid to decompose them thoroughly, 
then taken up with a slight excess of hydrochloric acid, and 
boiled with potassium chlorate to oxidize the iron. 

Lead alone need not be separated; copper can be precipitated 
by lead; or lead and copper can both be precipitated by alumi- 
num. Cadmium, if present, must be precipitated by hydrogen 
sulphide and the solution oxidized after filtering out the precipi- 
tate. 

Iron and alumina are best separated by barium carbonate ; 
the solution should, preferably, not contain a very large amount 
of free acid; the iron must all be ferric; the solution must not 
be warmed and, most important, the barium carbonate must be 
entirely free from alkaline carbonates and hydroxides, barium 
hydroxide, and ammonium salts. No barium carbonate in the 
market answers these requirements, but the ordinary chemically 
pure salt can easily be purified so that it answers perfectly. 
Select a salt that is free from ammonia (é. g., Merck’s), suspend 
it in water, and warm for several hours with two or three per 
cent. of its weight of barium chloride; this converts the alkaline 
carbonate present to chloride; the small excess of soluble barium 
salt does not interfere. 

The thoroughly oxidized solution of the ore should be washed 
into a 500 ce. flask, cooled, and barium carbonate, suspended in 
water, added until the precipitate curdles; an excess of barium 
does no harm. The change in the appearance of the precipitate 
is very marked. Pour into a beaker, mix thoroughly, let it 
settle, decant the clear liquid through a dry filter, and take por- 
tions of 50, 100, or 200 cc. for each titration. The solution must 
be filtered from the iron at once and should be titrated as soon 
as filtered. If it be necessary to let the solution stand it must be 
made slightly acid or some zine will precipitate. One portion, 
which should contain between 0.01 and 0.04 gram of manga- 
nese, is diluted to about 200 cc., heated nearly to boiling in a 
white porcelain dish, and titrated rapidly with permanganate 
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with very vigorous stirring. The greater part of the perman- 
ganate necessary should be added as rapidly as possible or the 
manganese oxide is apt to stick to the sides of thedish, making 
it difficult to see the pink color of the solution at the end. To 
obtain satisfactory results, the titration must be performed rap- 
idly, so that, if the percentage of manganese be not approxi- 
mately known, it is better to make a preliminary titration, adding 
one or two cc. at a time. 

In a second portion, made slightly acid' with hydrochloric 
acid, the zinc and manganese are titrated together cold by ferro- 
cyanide ; if the manganese be present in appreciable quantity the 
color of the precipitate will darken as the ferrocyanide is run in 
and quite suddenly change to a light greenish yellow shortly be- 
fore the end isreached. It is not necessary to begin to test the 
solution with cobalt until one or two cc. after the lightening of 
the precipitate; it should then be tested after the addition of each 
few drops. If there be little or no manganese present and the 
percentage of zinc be not approximately known, it saves time to 
make a preliminary titration, adding one or two cc. at a time. 
If lead be present the solution must be made quite strongly acid’ 
before titrating to prevent the lead from being precipitated as 
ferrocyanide ; five cc. of hydrochloric acid in 100 cc. of solution is 
sufficient. 

The calculation of the results is best shown by an example: 
One cc. of the ferrocyanide used equaled 0.00606 gram of zinc or 
0.00384 gram of manganese ; one cc. of the permanganate equaled 
0.001 gram of manganese; two and one-half grams of the ore 
were dissolved and the iron precipitated and filtered out as de- 
scribed above; fifty cc. of the solution was diluted, heated, and 
titrated with permanganate, requiring 18.45 cc., equal to 7.38 
per cent. of manganese. 100 cc. titrated with ferrocyanide re- 
quired 27.85 cc. The previous titration had shown that there 
was 0.0369 gram of manganese present which would require 
9.61 ce. of ferrocyanide; deducting this left 18.24 cc. for the 
zinc, equal to 0.11053 gram, or 22.11 per cent. 


1 Manganese ferrocyanide is soluble in a large excess of hydrochloric acid, which 
should therefore be avoided ; or the results will be low if much manganese be present. 
Five cc. of concentrated hydrochloric acid added to too cc. of a solution containing 0.03 
gram of manganese did not cause any appreciable error. Ten cc., however, prevented 
the precipitation of any manganese. 
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This method has been used for some months in the laboratory 
of the New Jersey Zinc and Iron Co., with very satisfactory 
results. The following table shows how this compares with the 
ordinary gravimetric methods. 








Zine -—— Manganese—, 


Material - —~ 
Analyzed. Gravimetric. Volumetric. Gravimetric. Volumetric. 
N. J. Oe eee cece cece cece 22.05 22.11 7.58 7.38 
BE OO iiavitwes wand/eses 26.58 26.48 N. D 11.98 
BraSS. occcceccce cece cece 5.06 5.12 O. O. 
N. J. OF@- ee cece cece cece 22.50 22.47 N. D. 11.55 
OSs OT re oral bea ae ee a 30.75 30.82 3s 7.54 
Blende .---+++-+-++++-ee- 38.28 38.18 os 0.14 
WHISINNG 6 sksei cand suas 55.55 55-68 O. O. 
Residuum ..---.--se eee. 4.60 4.79 12.23 12.30 
COME Serr eeeret: 4.29 4.44 N. D. 11.99 
SE es Sale ch elaale wie 9.15 8.99 cee 11.61 
Tailings ----.seeeeeeeeee 2.12 2.05 6.04 6.00 
Middles ..-..-++++++ eee: 15.15 15.24 9.24 9.14 


In conclusion I wish to express my thanks to Mr. D. A. Van 
Ingen, who has done much of the experimental work necessary 
in testing the method. 


SOME PHYSICAL ASPECTS OF THE NEW GAS, ARGON. 
THE IDEAL THERMOISIETRICAL SUBSTANCE 
FOR HIGH TEMPERATURES. 


By W. R. QUINAN. 
Received March 31, 1895. 


HE discovery, by Lord Rayleigh and Professor Ramsay, of 
Tt a new gaseous constituent of the atmosphere, has a many- 
sided bearing upon science and excites the interest of the whole 
world. 

While there may be mooted questions yet to be decided in 
regard to the elementary constitution of argon, certain extraordi- 
nary conclusionsseem to have been reached. Inthe sense of the 
kinetic theory, it is a monatomic gas; that is, if heat be applied to 
it, all or very nearly all of this heat will be expended in dynamic 
energy. The kinetic theory, whatever may be its shortcomings, 
is certainly the most intelligible hypothesis now at our command, 
both to explain and to expound the ideal behavior of matter in 
its simplest form—the gaseous. The behavior, it must be remem- 
bered, is independent of the theory. It is the fruit of experi- 
mental research. 
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According to the kinetic theory, in a monatomic gas the ratio 
of the specific heat under constant pressure to the specific heat 
at constant volume is one and two thirds. In diatomic gases, 
some of which are sufficiently normal in their behavior at ordi- 
nary temperatures to allow the experimental ratio to be taken as 
the theoretical—this ratio is about 1.41. In triatomic gases 
the theoretical ratio is 1.273, and so on according to a relation 
applicable to all molecules except monatomic 


0.41 
v= 1+ 1NV (a) 


in which y is the ratio and V the number of atoms in the mole- 
cule. 

The kinetic view is briefly as follows: A gas consists of dis- 
crete molecules endowed with energies. Of these, the dynamic 
energy, referred to the units of space and time, is measured 
(under the condition of uniform distribution) by the pressure. 
This is due to the motions of the molecules as entities. But the 
molecule itself is usually a complex system, consisting of two or 
more united atoms. The parts of this secondary system are 
capable of rotation about their center of mass and, perhaps, of 
rarious other movements, such as vibrations of the constituent 
atoms. The energy absorbed by the motions of this secondary 
system (under the condition of rest for the center of mass) may 
be called for simplicity the internal energy, while that due to the 
movement of the molecule as a whole may be called the kinetic. 
According to the conception and the laws of mechanics, the 
‘*free path’’ of a molecule is rectilinear. By encounters or col- 
lisions between the molecules there is a constant exchange and 
redistribution of the energy between these two forms of energy, 
but for every gas (in the ideal state) a constant ratio is pre- 
served between the two forms, and each form, therefore, pre- 
serves a constant ratio to the whole energy. 

In all gases, the ratio f of the whole energy to the kinetic, 
bears a simple relation to y, the ratio of the specific heats, as 
follows : 

2 


=39—7) ©) rea, 
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Combining (b) with (a) above we have 


r 


N 
f= (d) 


1.23 
This formula (d) like (a), from which it is derived, applies to 
all molecules except monatomic. 

In a monatomic gas the only energy which can be absorbed 
by the molecule (single atom), considered at rest with respect 
to its center of mass, is one of rotation. On account of the 
infinitesimal size of the atom this energy is negligible, and for 
such a gas # may be taken as unity; whence, as from formula 
(c) y= If. 

The gases believed to be monatomic by chemists are the vapors 
of sodium, cadmium, zinc, and mercury. Until the discovery of 
argon, the only gas for which the relation above had been veri- 
fied was mercury. Kundt and Warburg showed, by comparing 
the wave-lengths of the same sound in air and mercury vapor, 
that y for the latter was one and two-thirds~an extraordinary 
confirmation of the bold speculations of Clausius. 

Argon has dispelled certain beliefs in regard to monatomic 
gases. High boiling-points can no longer be regarded as char- 
acteristic. 

Whatever nomenclature we adopt, whether we accept the 
ingenious suggestion of Professor Dolbear, in his ‘‘ Matter, 
Ether, and Motion,’’ that the internal energy of a gas is to be 
considered its ‘‘heat’’ proper, or content ourselves with Helm- 
holtz’s wider generalization of ‘‘free’’ and ‘‘bound’’ energy, 
the fact is none the less certain, that the energy of gases (mon- 
atomic excepted) exists in two distinct forms. In no other simple 
way can we account for the difference in the action of heat upon 


” 


them—a difference directly connected in the molecular hypoth- 
esis with their complexity of constitution. 

The conception of # as well as that of y is, therefore, founded 
in fact. 

The relations of # and y are independent of the kinetic con- 
ception. To deduce them it is only necessary to supplement the 
laws of gases with two other laws, both well founded; v/z., 
Avogadro's, that equal volumes of gases under like pressure and 
temperature contain equal numbers of molecules, and the hypoth- 

















480 W. R. QUINAN. SOME PHYSICAL 


esis of Clausius that the specific heat of an atom in the (perfect) 
gaseous state is constant and the same for all elements. This 
latter hypothesis is the corner-stone of the kinetic theory in 
which Avogadro’s law, as well as the laws of gases, is a rigid 
deduction. 

The theoretical behavior of gases under changes of tempera- 
ture, pressure, and volume, is regulated by the law of Boyle and 
the law of Charles. According to the first, at constant tempera- 
ture the product of the pressure and volume is constant; accord- 
ing to the second, equal volumes of all gases expand equally 
under constant pressure,,or show equal increments of tension at 
constant volume, for equal increments of temperature. 

These laws areideal. No gas obeys them with perfect accuracy 
under every condition, nor even with approximate accuracy 
under certain conditions. Nevertheless, they have a reality. 
Any one familiar with the mathematical theory of ‘‘limits’’ can 
understand their relation to the behavior of gases. We arrive 
at the conception of the perfect gaseous state in the following 
simple way: 

If we trace the properties of a gaseous substance through a 
considerable range of temperature, we find that below a certain 
temperature, even under atmospheric pressure, the substance is 
aliquid. This is its boiling-point. Above this, for a certain 
range of temperature, although gaseous under ordinary condi- 
tions, it may be condensed into a liquid by increasing the pres- 
sure, till at length we reach a temperature above which this is 
impossible. This is its critical or absolute boiling-point. Above 
this temperature the substance is a permanent gas, but near it 
the gas is notably ‘‘imperfect.’’ As we raise the temperature 
above this point the behavior becomes more and more nearly 
normal. The ideal state for every gas is, therefore, simply a 
question of its state of removal from the critical temperature. 


MEASUREMENTS OF HIGH TEMPERATURES. 
Temperature is the intensity factor of heat—the thermal form 
of energy. It is practically measured by the voluminal expan- 
sion of a standard substance. Inthe thermodynamic theory, it is 
independent of the properties of any particular substance. 
The absolute values of two temperatures, one higher than the 
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other, are to each other-as the heat taken in, to the heat rejected 
by a perfect thermodynamic engine (with reversible cycle) 
working between the two temperatures as limits. The value of 
the degrees being fixed, this scale of temperature agrees very 
closely with the scale determined by the air-thermometer. It 
agrees perfectly with the ideal scale of perfect gases, in which 
equal increments of temperature correspond to equal incre- 
ments of heat (mass being constant )—a principle simply expressed 
by saying that the specific heats are constant. 

So far in science the attempts at accurate measures of high 
temperatures have been indissolubly connected with the increase 
of volume or tension of elementary gases, such as hydrogen and 
nitrogen. The regularity of their behavior under ordinary con- 
ditions of pressure and temperature has been checked and con- 
firmed in various ways. Since the general effect of increasing 
the temperature is to correct and improve the isothermals of 
gases, it has been assumed that this regularity is sustained at 
high temperatures. 

These gases have, however, a fatal theoretical defect when 
used as thermometrical substances at very high temperatures. 
Being diatomic a certain part of their energy (about 38.5 per 
cent.) takes the form of internal energy. This is the form in 
which we believe the heat exerts its decomposing influence. 
However this may be, these gases are theoretically subject to a 
gradual thermolysis or decomposition by heat. A part of the 
heat*being rendered latent and being without effect upon the 
temperature, equal quantities of heat cease to correspond to 
equal degrees of temperature. Moreover, since in this dissocia- 
tion of the molecule the specific volume is doubled, the coeffi- 
cient of expansion under constant pressure or the coefficient of 
tension at constant volume, is changed, and the scale of tem- 
perature based upon either becomes unreliable. 

Now, argon, as a thermometric substance at ordinary tem- 
peratures, has about the same properties as nitrogen or oxygen. 
It is a permanent gas with a low critical’ point—121° C. Its 
behavior under the usual conditions will be very similar to that 
of the mixture of nitrogen and oxygen we call air; its scale is 
therefore strictly comparable with that of the air-thermometer. 
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At high temperatures it ts the ideal thermometric substance. 

Neglecting dissociation, all gases improve in their behavior 
as the temperature rises ; all discrepancies pass into the normal’ 
which does not affect the scale of temperature of either the con- 
stant-volume or constant-pressure thermometer. 

Argon has no internal energy; the decomposing influence of 
the heat is absent; in other words, being monatomic it cannot 
suffer dissociation and its behavior as a thermometric substance 
throughout the range of temperature will be strictly normal. 
No other substance has such simple heat relations over such a 
great range of temperature. 

These theoretical considerations would seem to show that 
argon has great possibilities for usefulness in the hands of the 
skilled experimenter. In its discovery science has been given 
a new instrument of research. If by its use we can detect in 
the behavior of an elementary diatomic gas at high tempera- 
ture, such an aberration as would be accounted for by the dis- 
sociation of the molecule, this will go far to confirm the concep- 
tion of discrete molecules, the tenets of modern chemistry, and 
the kinetic theory of gases. Unless the molecular theory can 
make new conquests like these,the onward march of science bids 
fair to overthrow it. Already serious attacks have been made 
upon it, two of which have appeared in this JOURNAL, 7893, 430; 
1894, 516—the brilliant papers by Prof. Trevor. While Prof. 
Trevor does not do the theory justice, in fact treats it very 
cavalierly; he is not the only thinker of the present day who has 
turned his back upon it. The necessity of reducing the mys- 
terious thing we call chemical energy to the reign of law, has led 
to this estrangement. This form of energy is so obscure that 
we can apply to it only the most general laws of energetics. We 
must suppose it to consist of an intensity and a capacity factor, 
and to be convertible into other energy forms with a constant 
quantitive relation. But even these simple postulates involve us 
in difficulties with the molecular hypothesis. Intensity deter- 
mines action. In order that two bodies may react chemically 


1 The normal discrepancy is as follows : All gases are compressed less under great 
densities and expand more under extreme rarefaction than required by the law of 
Boyle pv =constant—that is the isothermal is normal except near the extremes of pres- 
sure and volume for which the product fv is too large. 
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they must differ in chemical intensity. But what is chemical 
action? According to one view, it is a change in which chem- 
ical intensities are equalized, with a conversion of part of the 
chemical energies concerned into other energy forms ; according 
to the other it is a union of atoms. But how can two things, 
which we suppose to be exactly alike, unite? Whence comes 
the difference of intensity? By virtue of what principle is the 
elementary diatomic molecule formed? If this molecule always 
preserved its integrity, we could regard its diatomic constitution 
as an elementary condition, but according to our chemical theo- 
ries, the molecule in many chemical reactions is subject to divi- 
sion. Nevertheless, whenever the atoms are set free they com- 
bine according to the diatomic pattern. 

It is thus roughly shown that the later views of chemical 
energy are not supported by the molecular hypothesis. Which 
shall we throw overboard for the sake of the other, or may we 
hope for a view which will embrace, possibly revise, and recon- 
cile both ? 





THE TUNGSTATES AND MOLYBDATES OF THE RARE 
EARTHS.' 


By FANNY R. M. HITCHCOCK. 
Received March 2, 1895. 


HE estimation of molybdic and tungstic acids, and their 
separation from each other have been the subject of many 
investigations, but notwithstanding the time and care expended 
the results so far attained are not perfectly satisfactory, particu- 
larly as regards their separation. The reactions which take 
place when either element is tested alone cannot be depended 
upon when the two are together, each seeming to exert some 
modifying action on the other. 

Several years ago, Smith and Bradbury’ carried out a series 
otexperiments on the precipitation of these two acids, chiefly 
with salts of the heavy metals. Their research brought out 
many new and interesting facts relating to the precipitation and 

1 From the author’s thesis presented to the Faculty of Philosophy of the University 


of Penn’a for the degree of Doctor of Philosophy, 789¢. 
2/. Anal. Appl. Chem., September, 7897. 
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estimation of each acid separately, but failed to produce any- 
thing new in the way of a separation. It was with the hope 
that, by extending the investigation begun by them, to the 
action of other precipitants on these acids, additional informa- 
tion might be gathered which would lead to more definite results, 
that the experiments were undertaken, the results of which are 
offered in the following pages. 

The molybdate solutions used in the work were made up from 
the sodium molybate. Analysis showed the salt to be pure and 
to agree with the formula given, Na,MoO,+ 2H,O. 

The tungstate solutions were prepared from the corresponding 
tungsten salt, Na,WoO,+2H,O. Analysis showed that traces 
of silica and ferric iron were present, and molybdenum trioxide 
was found to the amount of three and one-tenth per cent. This 
was separated by Pechard’s method.' 

Due allowance has been made in all calculations for the 
amount of molybdic acid found in the sodium tungstate. 

It was found best not to prepare more than 250 cc. of the 
solution of sodium tungstate at one time, as on standing it grad- 
ually affects the flask, the glass being attacked, and a sediment 
appearing which resembles silica, and is of noticeable amount. 
The solution of sodium molybdate also attacked the glass, but 
not so strongly nor so quickly as the sodium tungstate. 

SODIUM TUNGSTATE AND MANGANESE SULPHATE. 

The solution of manganese sulphate used was a saturated one. 
The solution of sodium tungstate contained 27.8600 grams to the 
liter, and, if completely precipitated by the manganese sulphate, 
ten cc. of the solution should yield 0.2871 gram of manganese 
tungstate, MnWOQO,,. 

The precipitates all showed the same character, however varied 
the conditions under which they were formed, being flocculent 
at first and becoming slimy on standing. They filtered very 
slowly and were difficult to wash. 

The filtrations were made through asbestos in a Gooch cruci- 
ble, and the filtrates were all tested for tungstic acid by hydro- 
gen sulphide in ammoniacal solution, the solution being subse- 
quently acidified with hydrochloric acid. 


1 Compt rend, 114, 173; Ztschr. Anorg. Chem., 1, 262; this JOURNAL, 15, 1, (7893). 
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A. Experiment 1.—Ten cc. of the sodium tungstate solution 
were diluted to 250 cc. with distilled water, brought to boiling, 
and fifty cc. of the manganese sulphate solution added. A vol- 
uminous precipitate formed at once, which was allowed to settle, 
then filtered off, washed with boiling water, dried in an air-bath 
at 180° C., cooled in a desiccator for three hours, and weighed. 

Wt. obtained Wt. calculated. Difference. 
0.2310 gram. 0.2871 —o.0561 gram. 

The filtrate gave a precipitate of tungsten trisulphide. 

Experiment 2.—Ten cc. of the sodium tungstate solution were 
treated as before, but the precipitate was allowed to stand for 
two days, then filtered cold, and washed with hot water. 


Wt. obtained. Calculated. Difference. 
0.2779 gram. 0.2872 —0,0092 


The filtrate gave a precipitate of tungsten trisulphide. 
Experiment 3.—Ten cc. sodium tungstate solution were treated 
as before ; the precipitate allowed to stand for twelve hours, 
then filtered cold, and washed with cold water. 
Wt. obtained Calculated. Difference. 
0.2667 gram. 0.2871 —0.0204 

Experiment 4.—Ten cc. sodium tungstate solution were treated 
as before ; the precipitate was allowed to stand for twelve hours, 
then brought: to boiling, filtered hot, and washed with a hot 
solution of ammonium nitrate. 

Wt. obtained Calculated. Difference. 
0.210 gram. 0.2871 —0,.0693. 

B. Experiment 1.—Ten ce. sodium tungstate solution were 
diluted to 250 cc. with distilled water, and five grams of ammo- 
nium nitrate added ; the whole was then brought to boiling, and 
fifty cc. of the manganese sulphate solution were added; the 
precipitate was allowed to subside, filtered off, and washed with 
water containing ammonium nitrate; the filtrate was perfectly 
clear. 

Wt. obtained. Calculated. Difference. 
0.2351 gram. 0.2871 —0.0520 

Experiment 2.—Tencc. sodium tungstate solution were treated 

asin Br. The precipitate was allowed to stand over night 
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before filtering, was filtered cold, and washed with cold water 
containing ammonium nitrate. 

Wt. obtainod. Calculated. Difference. 

0.2393 gram. 0.2871 —o.0478 

Both filtrates gave tungsten trisulphide. 

C. Experiment 1.—Ten cc. sodium tungstate solution were 
diluted to 250 cc. with distilled water, and eighty ec. of ninety- 
five per cent. alcohol were added ; then fifty cc. manganese sul- 
phate solution. The solution was heated, and the precipitate 
formed slowly. It was voluminous, whiteand flocculent, becom- 
ing granular on standing; it was filtered off while still hot, 
washed with thirty-three per cent. alcohol, and ignited at a low 


temperature. 
Wt. obtained. Calculated. Difference. 
0.2666 gram. 0.2871 —0.0164 


Experiment 2.—Ten cc. sodium tungstate solution were treated 
asin Cz. ‘The precipitate was allowed to stand for several days 
before filtering, was filtered cold, and washed with thirty-three 
per cent. alcohol as before. 

Wt. obtained. Calculated. Difference. 
0.2707 gram. 0.2871 —0.0205 

A brief inspection of the analytical results given in detail 
above shows beyond reasonable doubt that the precipitation of 
tungstic acid from its salts cannot be well hoped for when man- 
ganese salts are used as the precipitants. The most varying 
conditions failing to give any promise of even approximate suc- 
cess, further experiments with manganese salts were abandoned, 
and attention was turned to uranium salts. Trials were made 
with uranium acetate, uranyl nitrate, and uranyl chloride. 
With uranium acetate no precipitate formed in an aqueous solu- 
tion of sodium tungstate, whether cold or hot, and an excess of 
either the tungstate or the acetate produced no effect. The 
addition of a few drops.of acetic acid caused no change. Alco- 
hol produced a slight opalescence, but though the solution stood 
for several days no precipitate formed. When uranyl nitrate 
was used a precipitate formed at once, which was pale yellow in 
color, flocculent, and quick to subside. The precipitation 
seemed to take place equally well in the presence of alcohol, and 
in that of ammonium salts. 
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The solution of sodium tungstate used contained five grams in 
a liter, and ten cc. would therefore yield 0.0883-+ gram of 
uranyl tungstate, if completely precipitated. The atomic mass 
of uranium was taken as 239.6. 

A. Twenty cc. sodium tungstate solution were diluted with 
twenty cc. of distilled water and five cc. of a solution of uranyl 
nitrate added, the latter being in slight excess. This was fol- 
lowed by twenty-five cc. of a saturated solution of ammonium 
chloride, and the whole heated nearly to boiling for two hours, 
after which the precipitate was filtered off and washed first with 
water containing ammonium chloride, then with pure water. 
The filtration was made through Schleicher & Schull’s 590 filter- 
paper, and the precipitate was ignited strongly with free access 
of air. 

Wt. obtained. Calculated. Difference. 
0.1728 gram. 0.1767 0.0039 

The filtrate gave no trace of tungsten trisulphide when tested 
with hydrogen sulphide, and fromthe appearance of the precipi- 
tate after ignition some reduction had evidently taken place. 

B. Twenty cc. sodium tungstate solution diluted with twenty- 
five cc. distilled water, were precipitated with five cc. of the 
uranyl nitrate solution. The precipitate was allowed to stand 
for one hour, was then filtered in the cold, and washed with cold 
water, on a tared filter which had been dried at 150°C. The 
precipitate was dried at the same temperature in an air-bath for 
two hours, and weighed at constant weight. 

Wt. obtained. Calculated. Difference. 
0.1770 gram. 0.1767 + 0.0003 

The filtrate, when tested, gave no trace of tungsten trisulphide. 
It may be added that when the ammonium chloride used in the 
first experiment was replaced by alcohol, the precipitation 
seemed to be equally complete, as there was no evidence of the 
presence of tungsten when the filtrate was tested with hydrogen 
sulphide. 

To ascertain whether the tungstic acid could be determined 
volumetrically, the following experiment was made: 

A solution was prepared containing fourteen grams of uranyl 
nitrate in one liter of water. Twenty cc. sodium tungstate solu- 
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tion were diluted with twenty-five cc. distilled water, and the 
nitrate solution introduced from a burette, the tungstate solution 
being constantly stirred, and the end-reaction ascertained by 
testing with potassium ferrocyanide on a porcelain plate. 
Toward the last the reaction is rather slow, so that a brown 
color may be obtained with the potassium ferrocyanide before 
the tungsten is fully precipitated. If, however, the solution be 
allowed to stand a few seconds after each addition of the uranyl 
nitrate solution, no coloration is obtained on testing, unless the 
reaction is complete. By a little care the end-reaction can be 
made extremely close. Upon substituting a solution of uranyl 
chloride for the nitrate, equally good results were obtained. 


SODIUM MOLYBDATE AND URANIUM SALTS. 


A solution was prepared containing 8.51 grams of sodium 
molybdate to the liter, and the same salts of uranium were tried 
that had been used in the experiments with tungstic acid. 

With uranium acetate, sodium molybdate behaved similarly 
to sodium tungstate, no precipitate being obtained by any method 
tried. With the nitrate of uranium, however, a precipitate is 
formed at once which redissolves on stirring, though not com- 
pletely, a small quantity of some flocculent material remaining 
undissolved ; boiling did not bring down any further precipi- 
tate, and an excess of the nitrate had no effect. The uranyl 
nitrate solution was the same as that used with sodium tung- 
state, and contained fourteen grams to the liter. On trying a 
concentrated solution of uranyl nitratea dense precipitate formed 
at once, which, on dilution, dissolved in part, but very imper- 
fectly. 

Addition of alcohol does not change the behavior in either a 
cold or a hot solution. 

A solution containing twenty-five cc. of a saturated solution of 
ammonium chloride, twenty cc. of the sodium molybdate solu- 
tion, and twenty-five cc. of water gave no permanent precipitate 
with uranyl nitrate, but when twenty cc. of the sodium molyb- 
date solution were diluted with twenty-five cc. water, and the 
uranyl nitrate solution added in excess, the addition of ammo- 
nium chloride brought down the whole of the molybdenum. 

With uranyl chloride, a precipitate was obtained at once, 
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which, like that produced by uranyl nitrate, redissolved on stir- 
ring, as fast as it formed. 

On standing, a pale lemon yellow precipitate appeared, which 
on heating went into solution. With the addition of an excess 
of uranyl chloride to the cold solution, a precipitate forms simi- 
lar in appearance to the one just described, but on heating it 
does not redissolve. Heated for an hour it grows denser, and 
gradually becomes crystalline. These crystals are insoluble in 
water, and those which I obtained were washed first by decan- 
tation, then on the filter with cold water, dried on the air-bath 
at 128° C. (without any alteration in appearance), and analyzed. 

The molybdic acid was determined by heating the salt in a 
current of hydrogen chloride gas. The MoO,.2HCl came off 
readily at a low heat, the salt in the boat changing in color from 
a brilliant golden yellow to a light green, then to a golden 
brown, and finally to a dark green, almost to a black. 

This blackish residue when treated with concentrated hydro- 
chloric acid did not dissolve ; with aqua regia it did slowly dis- 
solve to a deep yellow solution from which the uranium was pre- 
cipitated by ammonium hydroxide; the precipitate after strong 
ignition had a metallic appearance. It was dissolved in concen- 
trated nitric acid, evaporated to dryness, and gradually heated 
to a dull red heat. The brownish yellow powder obtained was 
weighed as uranium trioxide. 

A slight loss occurred when the salt was heated in the stream 
of hydrogen chloride gas. as a little was carried over mechanic- 
ally, and heated so strongly to the walls of the tube that it 
could not be removed. 

The weight of material taken for analysis was one-tenth of a 
gram. The weights obtained were as follows: 

Molybdenum trioxide = 0.0333 gram = 33.3 per cent. 
Uranium trioxide = 0.0620 gram = 62.0 per cent. 

These values correspond very closely to the formula UrO,Mo0O,, 
when the radicle MoO, may be regarded as replacing the two 
chlorine atoms in the uranyl chloride. The theoretical amounts 
required for this formula are 

Molybdenum trioxide = 0.0334 gram = 33.4 per cent. 
Uranium trioxide = 0.0666 gram = 66.6 per cent. 
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Water of crystallization does not seem to be present; one- 
tenth of a gram of the substance was dried over sulphuric acid 
for two days, and then in the air-bath for two hours at a tem- 
perature of 128°C. The loss in weight was eight-tenths of a 
milligram. On strong ignition the color changed at first a light 
green, then to a golden brown, and on cooling became once 
more bright yellow. By this ignition a loss in weight occurred 
amounting to nine and three-tenths millligrams; a second igni- 
tion caused no further loss. 

Both before and after ignition the salt is readily soluble in 
hydrochloric acid, apparently without decomposition, as no 
reaction for uranium is given by the solution when tested with 
potassium ferrocyanide. 

The perfect precipitation of tungstic acid by uranyl nitrate 
from the sodium tungstate solution, and the non-precipitation of 
molybdic acid by the same reagent, encouraged a hope that a 
separation of the two acids might be possible through its 
means. 

As potassium ferrocyanide indicated the end reaction so 
sharply between sodium tungstate and uranyl nitrate, some 
tests were made with it as an indicator, with solutions of sodium 
molybdate and uranyl nitrate. Observing the same precautions 
as before the end reaction was equally sharp. It was observed, 
however, that the red color imparted to the potassium ferrocya- 
nide by a drop of the molybdate solution as soon as the uranyl 
nitrate was in excess, gradually disappeared, and was not 
restored by the further addition of uranyl salts. The conditions 
were next varied by introducing the potassium ferrocyanide into 
the molybdate solution instead of making the tests on a porcelain 
plate as heretofore. Twenty cc. of sodium molybdate were 
diluted with twenty-five cc. of water, and five cc. of potassium 
ferrocyanide added. ‘The uranyl nitrate solution was then run 
in, the red color appearing when 33.3 cc. of the uranyl nitrate 
had been used ; an excess of six or seven cc. were added, and a 
deep red solution formed, but no precipitate appeared. After 
standing for two hours the red color had disappeared, and the 
solution had become yellow. A portion of this was tested with 
potassium ferrocyanide, but no reaction was obtained for 


uranium. 
' 
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The addition of uranyl nitrate to another portion showed no 
excess of the potassium ferrycyanide. On substituting uranyl 
chloride for the nitrate the red solution was not obtained, but a 
reddish brown precipitate came down which was much lighter 
in color than that given by the urany] salts alone. 

Twenty cc. sodium tungstate solution were mixed with five 
cc. of the sodium molybdate solution, and diluted with twenty- 
five cc. of water; the uranyl nitrate solution was next run in 
from a burette, and the end reaction ascertained by potassium 
ferrocyanide on a porcelain plate. After standing for an hour 
the precipitate was filtered off in the cold, and washed with 
thirty-three per cent. alcohol. 

It was hoped that the filtrate would contain the molybdenum, 
but examination showed that the greater part of it had been 
precipitated with the tungsten. 

A second solution was prepared and titrated in the same man- 
ner as before; the precipitate with the supernatant fluid was 
then heated for an hour at a temperature of 60° C., filtered while 
hot, and washed with hot water containing thirty-three per cent. 
of alcohol. The molybdic acid was found in both filtrate and 
precipitate, though more went into the filtrate than in the first 
case. 

On substituting uranyl chloride for the nitrate and repeating 
the titration, only a slight precipitate of the tungsten formed, 
the greater part dissolving with the molybdate, as fast as 
formed. 

An excess ‘of uranyl chloride brought down both the tungsten 
and the molybdenum completely. It was evident that no sepa- 
ration could be hoped for by means of uranium salts. There 
seems to be a tendency on the part of the members of the chro- 
mium sub-group to form compounds with each other which are 
not readily broken up, and which probably contain complex 
radicles of as yet unknown constitution. This is very strongly 
indicated by the behaviour of molybdic acid with uranyl salts, 
and the failure of the resulting compound to react in solution, 
for uranium with potassium ferrocyanide. 

As the chief object of my investigations was to ascertain the 
manner in which the rare earths would act with tungstates and 











492 FANNY R. M. HITCHCOCK. THE TUNGSTATES 


molybdates, these were now taken up and studied in detail. As 
the quantity at my disposal of any one of the rare earths used 
was necessarily very limited the material had to be worked over 
frequently, and a great deal of time was in consequence con- 
sumed by this preparatory work. 


SODIUM MOLYBDATE AND CERIUM SULPHATE. 


The solution of sodium molybdate used contained 13.24 grams 
to the liter, so that ten cc. of the solution should give 0.1628 
gram of cerium molybdate, Ce,(MoO,), if fully precipitated. The 
solution of cerium sulphate used was saturated. 

Experiment.—Five cc. of the sodium molybdate solution were 
diluted to 150 cc. with distilled water, and ten cc. of the cerium 
sulphate solution added inthecold. A voluminous, white gelat- 
inous precipitate formed at once. This stood for eighteen hours, 
when it had become granular in appearance and was yellow in 
color. It was filtered cold, washed with cold water, ignited and 
weighed. The theoretical weights are all calculated for the for- 
mula Ce,(Mo0Q,),. 


Wt. obtained. Calculated. Difference. 

0.0760 gram. 0.0814 —0.0054 
Experiment 2.—Five cc. of the sodium molybdate solution dilu- 
ted to 150 cc. with distilled water were brought to boiling, when 
ten cc. of the cerium sulphate solution were added. A white 
precipitate formed at once, soon becoming curdy, and then gran- 
ular, the color changing to yellow. This was allowed to stand 
for twelve hours, was then filtered, and washed with hot water, 


ignited and weighed. 
Wt. obtained. Calculated. Difference. 
0.0752 gram. - 0.0814 —0.0062 


Experiment 3.—Ten cc. sodium molybdate solution were dilu- 
ted to 500 cc. with distilled water, and fifteen cc. of the cerium 
sulphate solution added inthe cold. The precipitate after stand- 
ing for twelve hours was filtered on asbestos in a Gooch crucible, 





ignited and weighed. 
Wt. obtained. Calculated. Difference. 


0.1596 gram. 0.1629 —0.0033 
Experiment 4.—This was a duplicate of No. 3, excepting that 
the filtration took place as soon as the precipitate had settled. 
Wt. obtained Calculated. Difference. 
0.1555 gram. 0.1629 —0.0074 
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From both filtrates additional precipitates were obtained on 
boiling. 

Experiments 5 and 6.—Ten cc. of the sodium molybdate solu- 
tion were diluted to 110 cc. with distilled water and brought to 
boiling, when fifteen cc. of the cerium sulphate solution were 
added ; after two hours the precipitate was filtered off, washed 
with hot water, ignited and weighed. 


Wt. obtained. Calculated. Difference. 
Co 0.1496 gram. 0.1629 —0.0133 
6. o.rse7. “* 0.1629 —0.0042 


Experiment 7.—Ten cc. sodium molybdate solution were dilu- 
ted to 110 cc. with distilled tvater, fifteen cc. of cerium sulphate 
solution added in the cold, and the whole brought to boiling, 
when twenty-five cc. of ninety-five per cent. alcohol were added. 
The precipitate was filtered off through Schleicher and Schull’s 
590 filter-paper, washed with fifty per cent. alcohol, ignited and 


weighed. 
Wt. obtained. Calculated. Difference. 
0.1588 gram. 0.1629 —0.0041 


Experiment 8.—Ten cc. of sodium molybdate solution were 
diluted to 110 cc., fifteen cc. of cerium sulphate solution added 
in the cold, the whole brought to boiling, when one-third the 
volume of ninety-five per cent. alcohol was added. The precip- 
itate stood for twelve hours before filtering ; it was apparently 
not homogeneous, as a fine white powder was mixed through the 
yellow cerium molybdate. The filtering was very slow, and the 
washing with fifty per cent. alcohol was continued for two days. 


Wt. obtained. Calculated. Difference. 


0.2118 gram. 0.1629 +0.0489 
Experiment 9.—Ten cc. sodium molybdate solution were dilu- 
ted to 100 cc. and fifteen cc. cerium sulphate solution added in 
the cold, followed by one-third the volume of ninety-five per cent. 
alcohol. The precipitate was filtered after standing for two 
hours, and like that in No. 8, was not homogeneous in appear- 
ance. 


Wt. obtained. Calculated. Difference. 
0.1919 gram. 0.1629 0.0290 


Experiment 10.—Ten cc. of sodium molybdate solution were 
diluted to 100 cc., and fifteen cc. cerium sulphate solution added. 
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The whole was boiled for an hour, allowed to cool, when one- 
third the volume of ninety-five per cent. alcohol was added. 
After standing twelve hours, it was filtered, washed with fifty 
per cent. alcohol, ignited and weighed. 

Wt. obtained. Calculated. Difference. 


0.2156 gram. 0.1629 0.0497 

The precipitates from 8, 9 and 10, after ignition, were dissolved 
in hydrochloric acid, and tested with barium chloride ; all gave 
precipitates of barium sulphate, as was expected. The follow- 
ing experiments were then made to determine what proportion 
of alcohol could be added without causing the cerium sulphate to 
precipitate. . 

a. Five cc. ofthe cerium sulphate solution were diluted to sixty 
cc., then twenty cc. of ninety-five per cent. alcohol were added 
in the cold, and, no precipitate forming, more alcohol was added, 
five cc. at a time, until seventy cc. in all had been introduced. 
The solution still remained perfectly clear. 


[TO BE CONTINUED. ] 





SOME NEW LABORATORY APPARATUS. 


By EWALD SAUER. 


Received January 31, 1895. 
I. HOT AIR MOTOR FOR LABORATORY PURPOSES. 


N laboratories mechanical power is desirable for many under- 
| takings which require continued shaking and stirring of 
liquids, as well as for rotation and grinding. While the factory 
steam-engine furnishes usually the necessary power for the 
laboratory of the technical chemist, nevertheless it is often desir- 
able to have a separate source of power in case, for instance, of 
this not being in use. 

For this purpose the turbines ‘constructed by Raabe’ have 
proved themselves useful in certain kinds of work, but only when 
small power is required. For many ptrposes the power is too 
weak, e. g., the shaking of large quantities of liquids and the 
stirring of thick liquids. 

The hot air motor of Heinrici, which is pictured below, and 
which has already proved of practical value in several labora- 


1 Ber. d. chem. Ges.., 1888, p. 1200. 
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tories, would in most cases furnish abundant power for the dif- 
ferent kinds of work. 

The motor is built according to the well-known principle of 
hot air machines, so that its use is absolutely free from danger. 
It may be heated by gas, petroleum, etc. The more intense 
the source of heat, the more power the machine furnishes, and if 
the fire-pot be red hot beneath, the motor furnishes the most 


power. 
About two minutes after the burner heats the pot the motor 
begins its action. There must be a space of about ten mm. 
between the burner and pot. A brake upon the fly-wheel regu- 
lates the speed of the machine, or brings it to a standstill. 
While in use, cold water must circulate through the motor, 
otherwise a gradual warming of part a decreases the action. 
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In the accompanying illustration, the cooling reservoir is 
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contained in the table, and the circulation of water takes place 
through the tube 4. Where a water system is available the 
body of the motor may be fastened directly in the table by its 
support. 

On the table is fastened a carriage, upon which bottles up to 
six liters capacity may be shaken vigorously to and fro. The 
action is most satisfactory with such large quantities. 

Should it be desired to shake, at the same time, several bottles of 
smaller capacity, wooden boxes may be fastened on the carriage, 
which is partitioned and so arranged that each vessel may be 
easily made firm. 

An axle, fastened on the table, receives the belt-cord coming 
from the motor and is furnished with two movable wheels which 
furnish connections with Witt’s centrifugal stirrers for stirring, 
evaporating, etc. These stirrers, held as nearly perpendicular 
as possible in a nickel cylinder, and properly connected with the 
motor, act in a highly satisfactory manner. 

II. ILLUMINATING APPARATUS AFTER A. LUPP. 

This serves for the precise determination of the end-reaction in 
volumetric analysis, especially in acidimetry and alkalimetry 
in general, in all quantitative determinations, in which changes 
of color of the indicator (litmus, turmeric, cochineal, etc.) 
determines the analysis. 

The apparatus consist of a tripod, under which a concave 
mirror is placed at a fixed angle. 

By means of this, the sun’s rays are concentrated, and so 
reflected as to pass through the bottom of the beaker, which is 
placed on the apparatus, through the solution to be titrated to 
the surface. Since, by means of the apparatus the titration is 
seen from above, one can, even in cloudy weather, always 
determine exactly the end-reaction because the liquid under 
examination is always strongly illuminated. 

The illuminating apparatus is further adapted to enable one 
to recognize very fine colored precipitates or colorations, for 
example, in water analysis reaction for iron by means of potas- 
sium ferro- and ferricyanide, and potassium thiocyanate, etc. 
One needs only to hold a test-tube over the apparatus in order 
to recognize the slightest trace of a color or precipitate. 














NEW BOOKS, 
HANDBUCH DER STEREOCHEMIE. UNTER MITWIRKUNG VON DR. PAUL 

WALDEN, PROFESSOR DER PHYSIKALISCHEN UND ANALYTISCHEN CHEMIE 

AM POLYTECHNIKUM ZU RIGA HERAUSGEGEBEN VON DR. C. A. BISCHOFF, 

PROFESSOR DER ALLGEMEINEN CHEMIE DASELBST. 1060 Seiten und 250 

Abbildungen. Frankfurt am Main: H. Bechhold. 1893-4. Price, 34 m. 

In 1880, when the writer of this notice attended the most com- 
prehensive course of lectures on organic chemistry at that time 
given in America, the lecturer devoted a portion of one hour to 
the subject of ‘‘ Physical Isomerism.’’ ‘The theory of the asym- 
metric carbon atom, proposed almost simultaneously by van ’t 
Hoff and Le Bel in 1874, was alluded to as offering a possible 
explanation of the opposite rotatory powers and the enantiomorph- 
ism of the tartaric acids, and was illustrated by two simple 
tetrahedral models. Nothing more was said, or could well have 
been said on the subject. At that time the paradoxical isomer- 
ism of fumaric and maleic acids was explained by supposing the 
latter to contain a carbon atom with free bonds, an assumption 
totally without experimental justification. Attempts to give 
structural formulas to the rapidly increasing number of isomers 
among the crotonic and cinnamic acids and allied bodies resulted 
only in the worst kind of confusion, and it gradually became evi- 
dent that either the theory of structure was insufficient or the 
usual experiments relied on to establish the formulas were worth- 
less. By 1887 a large division of organic chemistry was in an 
almost chaotic condition. The views of van ’t Hoff and Le Bel 
had received but slight consideration, apparently for no other 
reason than that chemists had concluded that it was impossible 
to learn anything about the geometrical arrangement of atoms, 
and therefore that all attempts to explain phenomena on such 
hypotheses must be worthless. In this year Wislicenus, who 
had been one of the few to appreciate the possibilities of a ‘‘chem- 
istry in space,’’ published his pamphlet, Ueber die raumliche An- 
ordnung der Atome in organischen Molekulen. ‘The appearance 
of this work marks a point in the development of chemistry of 
equal or even greater importance than the announcement of the 
benzene theory by Kekulé; less than eight years have passed, 
and already the geometry of molecules has become the leading 
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idea in organic chemistry, to the study of which many of the best 
workers in the organic field are devoting themselves. How long 
an idea prematurely born may. lie dormant is here well illustra- 
ted, Wollaston having in 1808 clearly stated the conception of a 
tetrahedral arrangement of four atoms about a fifth. 

How fruitful the new theory has been, it needs only an inspec- 
tion of the present book to see. A volume of over a thousand 
pages is largely devoted to the consideration of isomers which 
can be explained on the hypothesis of geometrical isomerism, 
and which cannot be explained on any other which has been pro- 
posed, and certainly not on the older conceptions of structure. 
The remarkable discovery of the isomeric cyclohexane deriva- 
tives by von Baeyer, and the brilliant work of Fischer on the car- 
bohydrates are not only the direct offspring of this theory, but 
would have been impossible without it. One ofthe most striking 
evidences of rapid progress is that although the two sections of 
the /andbuch appeared in two successive years, the second has 
appended a supplement of nearly 200 pages, most of which was 
required to bring the work up to date. 

Although the book is divided into a general introduction and a 
special part, the reader would err in supposing the latter to be of 
importance for the specialist only; it contains quite as much of 
general and theoretical interest asthe former. The general part 
(134 pages) is devoted to an historical review of the subject, and 
in it may be found about every attempt to explain chemical phe- 
nomena by space relations. Of the special part the first section 
(296 pages) is devoted to the relation of stereochemical theories 
to the optical rotation of organic compounds, with a considera- 
tion of nearly all known cases. The proteids are omitted, as 
their chemical nature is not sufficiently understood. The second 
section (204 pages) treats of geometrical isomerism in a wider 
sense, and describes all compounds to which the theory may 
apply, whether they are at present known in more than one form 
or not, as well as those which while existing in several forms, 
cannot be explained by the theory as at present developed. The 
stereochemistry of nitrogen, as exhibited in the oximes and other 
bodies is fully treated. Both the older nomenclature and that of 
the Geneva Congress are used, and the classification is the purely 
artificial, but extremely convenient one used by Richter in his 
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Tabellen der Kohlenstoffverbindungen. ‘The third section includes 
a chapter on the formation of rings (124 pages) which while not 
properly a part of stereochemistry, is valuable as containing a 
diagram of every kind of ring discovered or supposed to exist, 
into which carbon enters, as well as many wholly inorganic 
rings. One wonders what Kolbe would say about the hexa- 
and hepta-cyclic systems, were he now living. But little is said 
of the reactions by which these rings are formed, or of the proofs 
of their structure, but there are full references, which take the 
place of a broader discussion. This chapter forms a complete 


” 


‘‘Handbuch der Ringschliessung.’’ Anyone looking up the 
various benzene theories will find in this work a good directory. 
The chapter on rings is followed by others on intramolecular 
transpositions, addition and splitting off of atoms and groups, 
and the limits of general reactions, in as far as these may be sup- 
posed to be influenced by the geometrical structure of the mole- 
cule. These constitute one of the most valuable and interesting 
parts of the work. 

The authors are to be commended for having given considera- 
ble space to inorganic compounds. Not much was to be said on 
the subject, as it is still in its infancy; the inorganic ring sys- 
tems which have an experimental warrant are as yet but few, 
and these of the simplest nature, and with the exception of a few 
observations and speculations on sulphur and ammonia deriva- 
tives we have yet to see the beginning of a stereochemistry of 
inorganic bodies. We regard inorganic structure and stereo- 
chemistry a promising field for investigators who do not believe 
that all the laws of chemistry worth knowing can be discovered 
by the study of carbon compounds only, and who have the cour- 
age to strike out in new lines, and the patience to search for new 
methods. With the view of aiding such pioneers the authors 
have given in a special chapter a list of inorganic substances 
occurring in more than one form, which will prove of value to 
investigators in this field. The list makes no pretension to com- 
pleteness; we miss, forexample, the metaphosphoric acids, some 
of which may in future prove to be stereoisomers. 

A knowledge of stereochemistry has already become essential 
to a scientific understanding of the carbohydrates, and there are 
indications that it will play an important part in the chemistry 
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of fermentation and of the physiological processes. To those 
who are interested in these branches, as well as to the working 
organic chemist, and the teacher who is called on to give more 
than a bare outline of the subject, as well as to every one who 
wishes to keep up with the development of the science, this work 
may be heartily recommended. H. N. STOKES. 

A TExtT-BooK OF ORGANIC CHEMISTRY. By A. BERNTHSEN, PH. D., DIREC- 
TOR OF THE SCIENTIFIC DEPARTMENT IN THE CHIEF LABORATORY OF 
THE BADEN ANILINE AND ALKALI MANUFACTORY, LUDWIGSHAFEN-AM- 
RHEIN; FORMERLY PROFESSOR OF CHEMISTRY IN THE UNIVERSITY OF 
HEIDELBERG. TRANSLATED BY GEORGE MCGOWAN, PH.D. pp. 596. 
New York: D. Van Nostrand Co. 1894. Price, $2.50. 

This book is a translation of the fourth German edition, appear- 
ing asthe second English edition. The usefulness of Dr. Bernth- 
sen’s work is indicated by the fact that the fourth edition is 
called for within the brief space of six years. A comparison of 
the former and present editions impresses one with the tremen- 
dous activity and rapid development that have been going on 
recently in this field of chemical research. While this edition 
follows closely the plan of the previous ones, every part has been 
carefully revised and several chapters have been entirely rewrit- 
ten, in order to present the most recent knowledge about the sub- 
jects considered. Among such specially revised subjects may 
be mentioned the following: stereochemical isomerism; the 
determination of molecular weights by physical methods; aldox- 
imes and ketoximes; carbohydrates; ketonic acids, di-ketones, 
etc. ; special benzene formulas; aromatic compounds of phos- 
phorus, etc.; hydrogenized phthalic acids; dyes of the diphenyl- 
ene-methane oxide, phenazine, oxazine, and thiazine groups; 
certain naphthalene derivatives; the quinoline and acridine 
groups; alkaloids, especially the derivatives of tropine; the ter- 
penes and camphors. ‘The system of international nomenclature 
adopted at the recent Geneva convention of chemists is used in 
connection with the former names. ‘The book, as a whole, can 
well be pronounced a comprehensive embodiment of our present 
knowledge of the essential facts and theories of the organic chem- 
istry of to-day. The author has made a very judicious use of 
references to original articles which have a historic value. There 
is a valuable index of nearly thirty pages. 
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While this book is intended primarily for the use of students, 
it can hardly be recommended as a desirable work for those just 
entering upon the study of organic chemistry, since it is much too 
7 full for such. It will be found most helpful to those who have 
such a knowledge of the subject as can be obtained from a work 
like Remsen’s little book on organic chemistry. It will also be 
a most grateful help to those who are engaged in various lines of 
chemical work and who desire to keep informed of the present 
state of knowledge of organic chemistry, but who have not time 
or means to get their knowledge at first hand from the literature 
of the various chemical journals. L. L. VAN SLYKE. 


MANUAL OF CHEMISTRY. By W. SIMON, PH.D., M.D., Etc. Fifth 

Edition. pp. 502. Lea Bros. & Co. 1895. 

Professor Simon has found it desirable to issue a revised edi- 
tion of what is correctly termed a manual of chemistry. When 
to the title is added that it is especially a manual for medical 
students, the experienced reader knows tolerably well what 
advantages and shortcomings are to be looked for; and if the 
reviewer adds that the advantages are well represented, and the 
shortcomings are such as are identical to the plan of the book, 
it will be easy to form a general idea of its character. 

The first fifty pages go over the theory of chemistry from the 
most elementary definitions to a discussion of the periodic law. 
Now it is manifestly impossible to give in a couple of hours’ 
reading a satisfactory treatise on such a subject. On the other 
hand, it is desirable for medical students to have some knowl- 
edge of chemical theory; and as the medical student’s chemical 
library consists too often of but one book, it is necessary to put 
the main facts in that book. It is, of course, understood that 
the book is to be supplemented by an extended course of lectures, 
and is intended to give, first, elementary knowledge to the young 
student, and second, a repository of all the principal things he 
subsequently learns, for future reference. Now this book gives 
these things very well indeed; and what has been said of the 
theoretical part applies to the whole book. It goes into descrip- 
tive chemistry, and analysis, qualitative and quantitative, and 
physiological chemistry, and treats of all the chemicals men- 
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tioned in the U.S. Pharmacopeia. Happily it was not thought 
best to include industrial chemistry. 

The book is concisely written in good English, and is embel- 
lished with eight colored plates, representing sixty-four reac- 
tions very useful to the student, and by no means easy to produce; 
they seem very good. A. H. SABIN. 


NOTES, 

Note on a Molding-sand.—A number of years ago a bed of 
excellent molding-sand was discovered in Belmont County, Ohio, 
near the Ohio river. It was, in fact, pronounced almost an ideal 
sand for heavy castings, and so popular was it with foundrymen, 
that the bed is now about exhausted, and has been closed by 
the owner. 

The sand, when taken from the bed, coheres in lumps, is 
dark colored and rather coarse-grained. The grains consist of 
a rounded quartz nucleus, covered with a coating of brownish-red 
clay, that seems to adhere closely to the quartz, but dissolves 
when the sand is treated with hydrochloric acid, leaving the pure 
white nucleus behind. 

The sand, even when rammed in a mold, is very porous, 


readily permitting the escape of gases, it is strongly cohesive, 
and will not blister or scale off when the molten metal flows over 
it. Most sands used for making, heavy castings soon have the 
life burnt out of them; but it is said that this sand is wonderfully 


tough and durable. 

Few sands possess, along with other good qualities, this 
desideratum of life-length. 

Whether the good qualities of this particular sand are due to 
its physical condition, or to its chemical composition, or, as 
seems likely, to both, the writer cannot say. 

An analysis of the sand, dried at 100° C., follows: 

Free silica 73-47 per cent. 
Combined silica See ee.” B58 
Alumina raBai*: 24 
3.97 ce “e 
ooze" 
Magnesia... . ope: «4 
Organic and water ee <a 
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